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Art.  1. — Studies  of  the  phenomena  of  Simultaneous  Con- 
trast-Color j  and  on  a  Phx>tometer  for  measuring  the  inten- 
sities of  Lights  of  different  Colors  /  by  Alfred  M.  Mayer. 

It  is  often  desirable  in  the  study  of  simultaneous  contrast- 
colors  to  have  large  surfaces  colored  by  contrast,  so  that  we 
can  the  better  match  the  colors  of  these  surfaces  with  rotating 
colored  disks  and  thus  arrive  at  quantitative  statements  of 
their  hues.  This  is  especially  desirable  in  ascertaining  the 
hues  of  the  light  of  flames,  of  the  Welsbach  incandescent  lamp 
and  of  the  arc  electric  light  when  compared  with  day  light,  or, 
when  compared  one  with  another.  The  result  of  many  experi- 
ments is  the  apparatus  described  in  the  following  section  and 
which  is  useful  tor  this  purpose. 

Screen  for  ascertaining  the  hues  of  lights  and  the  contrast- 
cdors  of  these  lights. — A  ring  is  formed  of  white  card-board  by 
cutting  out  a  central  opening  of  12*^™^  in  diameter  in  a  disk  of 
22cm8  j^  diameter.  This  ring  has  a  breadth  of  5*^°"^  Another 
ring  is  made  similar  to  this  one,  except  that  it  has  four  narrow 
radial  arms  to  support  a  disk  of  thin  translucent  white  paper,^ 
35cm8  i^  diameter.  This  paper  disk  is  placed  between  the 
rings,  which  are  then  fastened  together  and  screwed  to  a  thin 
rod,  on  a  stand,  as  shown  in  iig.  1. 

*  Trials  with  maay  kinds  of  paper  showed  that  a  white  linen  tracing-paper  was 
the  best.  It  is  not  possible  to  describe  this  so  that  one  may  be  sure  of  selecting 
4  similar  paper.  It  was  obtained  of  Keuffel  and  Esser,  Fulton  St.,  N.  Y.,  and 
sold  as  "  No.  202  Alba  tracing  paper." 
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Place  the  screen,  thus  formed,  in  front  of  a  petroleum  lamp 
and  exclude  the  daylight  from  the  side  thus  illuminated.  The 
other  side  of  the  screen  is  illuminated  by  the  light  of  the  sky 

admitted  through  a  distant  window. 
The  cardboard  ring  is  thus  illumi- 
nated on  one  side  only  by  the  lamp ; 
on  the  other  side,  only  by  the  day- 
light. The  translucent  paper  trans- 
mits the  lamplight  to  the  side  facing 
the  window,  wnile  it  transmits  the 
daylight  to  the  side  facing  the  lamp. 
On  the  side  of  the  screen  facing  the 
window  the  cardboard  ring  appears 
cyan-blue  while  on  the  side  facing  the 
lanrp  the  ring  appears  orange  yellow. 
Hues  of  the  sides  of  the  ring. — An 
idea  of  the  hues  and  intensities  of 
these  colors,  which  cause  astonishment 
even  in  those  who  are  experimenters 
in  chromatics,  will  be  given  by  the 
description  of  the  following  experi- 
ments. 

By  means  of  a  Bunsen-photometer 
disk  I  adjusted  the  distance  of  the 
lamp  from  the  screen  so  that  I  ob- 
tained, as  nearly  as  I  could  judge, 
equal,  illumination  of  the  sides  of  the 
screen.  1  then  found  that  the  blue  was  matched  in  a  rotator 
by  a  disk  having  a  sector  of  60  parts  of  the  circumference  of 
Prussian  blue,  with  a  sector  of  10  parts  of  emerald-green  and 
a  sector  of  30  parts  of  white  cardboard.  The  blue  was  that 
of  one  of  the  many  colored  disks  given  me  by  Professor  O.  N. 
Rood  and  was  marked,  "Blue  between  cyan-blue  and  the 
ultramarine  of  the  physicist,  but  nearer  the  latter.  Near  F 
and  on  its  more  refrangible  side.  Made  with  Prussian  blue." 
The  blue  on  this  disk  appeared  as  saturated  in  hue  as  could 
be  made  by  the  pigment. 

The  match  of  the  color  of  the  side  of  the  ring  facing  the 
lamp,  L  in  iig.  3,  was  obtained  by  placing  a  silvered  mirror, 
M,  so  that  the  reflection  of  this  side  of  the  ring,  S,  was  seen 
close  to  the  rotator,  K. 

The  color  of  the  cardboard  ring  facing  the  lamp  was 
matched  by  the  rotation  of  a  disk  formed  of  50  parts  of  chrome 
yellow,  30  parts  of  red  lead  (red  orange)  and  20  parts  of 
white  cardboard.  Such  appears  to  be  the  hue  of  the  light  of 
a  petroleum  flame  when  compared,  in  this  manner,  with  the 
light  of  the  sun. 
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The  petroleum  flame  used  in  these  experiments  was  that  of 
a  Belgian  burner,  giving  about  35  candles.  The 
daylight  was  obtained  from  a  window  85^"* 
square  ;  the  lower  half  of  which  when  viewed 
from  the  screen,  was  occupied  by  the  snow-clad 
surface  of  an  opposite  hill.  The  day  was  very 
clear,  and  the  sky  very  slightly  tinted  with 
blue. 

The  colors  of  the  sides  of  the  ring  of  the 
screen  are  complementary,  —  I  combined  the 
Prussian  blue,  emerald  green,  chrome  yellow 
and  orange  red  on  a  disk  on  the  rotator  and 
found  that  when  the  disk  was  formed  of  sectors 
having  60  parts  of  Prussian  blue,  1 1  of  emerald 
green,  19  of  chrome  yellow,  and  10  of  red  lead, 
I  obtained  a  gray  which  was  exactly  matched  by 
a  central  disk  formed  of  71  parts  of  dead  ivory- 
black  and  29  of  white  cardboard.  See  fig.  2. 
These  measures  gave  the  following  equation  : 

j  60  Prussian  blue   )    .  j  19  Chrome  yellow  )    »_  p-o„  j  71  Black    ) 
(  11  Emerald  green  ("^  MO  Red  lead  f   ~  ^^®^  (  29  White  f 

It  is  rather  diflScult  to  get  the  exact  match  on  the  rotating 
disk  of  the  hues  on  the  front  and  back  of  the  card-board  ring 
of  the  screen  on  account  of  the 
illumination  of  these  surfaces. 
The  rotator  must  be  placed 
nearer  the  window  than  the 
screen  so  that  it  is  well  illumi- 
nated. 

The  equation  shows  that  the 
cyan- blue  of  60  parts  of  Prussian 
blue  4- 11  of  emerald  green  is 
complementary  to  an  orange  yel- 
1  o  w  of  19  of  chrome  yellow 
+  10  of  red  lead.  The  hue  of 
this  orange  of  the  lamp  side  of 
the  ring,  as  given  by  the  rotator 
was  50  chrome  yellow  +  30  red 
lead  4-  20  white,  which  mixture 
is  approximately  in  the  proportion  of  19  to  1 0.  The  corre- 
spondence of  the  two  experiments  is,  I  suppose,  about  as  near 
as  could  be  expected  from  the  difficulty  of  matching  the 
illuminated  hues  of  the  ring  of  the  screen. 

The  small  central  disk  on  the  rotator  gave  a  gray  of  71  parts 
of  ivory-black  +  29  of  white  cardboard,  which  matched  the 
gray  given  by  71  parts  of  cyan-blue   +  29  parts  of  orange* 
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Calling  the  intensity  of  the  orange  100,  we  have  1 00  x  29=71 1, 
which  gives  for  I  (the  intensity  of  the  cyan-blue),  only  40*8 
per  cent  of  that  of  the  orange. 

The  orange  yellow  of  the  side  of  the  ring 
O  L     facing  the  lamp  and  of  the  side  of  the  trans- 
lucent paper  facing  the  daylight  is  comple- 
inentary  to  the  cyan-bhie  of  the  side  of  the 
ring  facing  the  daylight  and  of  the  side  of  the 
— --S    translucent  paper  facing  the  lamp. 

In  fig.  4,  L  is  the  lamp ;  S,  the  screen  which 
in  this  experiment  is  deprived  of  the  border  of 
translucent  paper ;  "W,  the  window ;  M,  a  sil- 
vered mirror  which  reflects  the  back  of  the 
^  ^g  screen  to  the   eye    which  looks  through   an 

achromatized  double  refracting  calc  spar  prism 
at  C.S.,  and  sees  two  images  of  the  side  of  the 
screen  reflected  from  the  mirror  and  two 
images  of  the  side  of  the  screen  facing  the 
window.  By  suitably  inclining  and  rotating 
Fig. -4.  the    calc  spar  prism    these  images    may   be 

brought  into  the  positions  shown  in  fig.  5,  in 
which  A  represents  one  of  the  images  of  the  side  of  the  screen 
facing  the  window;  B,  the. other  image  of  the  same ;  C,  is 
one  of  the  images  of  the  side  of  the  screen  facing  the  lamp 
and  seen  by  reflection  from  the  mirror. 

The  overlapping  of 
these  images,  when  the 
illumination  is  properly 
adjusted,  gives  the  fol- 
lowing results,  as  shown 
by  the  letters  in  fig.  5, 
where  B  stands  for  cyan- 
blue,  Y  for  orange  yel- 
low, and  W  for  white. 
^'^^'  ^'  The  translucent  paper  Y 

of  B  overlaps  the  ring 
of  A  and  gives  white,  and  the  blue  of  the  ring  of  B  over- 
laps Y  of  the  translucent  paper  of  A  and  gives  white.  In 
the  same  manner  the  orange  yellow  of  the  cardboard  ring  of 
C  overlaps  the  blue  of  the  ring  of  A  and  gives  white.  Where 
the  ring  of  C  overlaps  the  translucent  paper  of  A  there  is  a 
more  intense  orange,  and  when  the  blue  of  the  translucent 
paper  of  C  overlaps  the  blue  of  the  ring  of  A  we  have  a  more 
intense  blue.  On  bringing  B  of  the  translucent  paper  of  C 
over  Y  of  the  translucent  paper  of  A  we  have  white. 

Experiments  on  the  complementary  colors  of  gratings, — Out 
of  thin  cardboard,  such  as  is  used  for  thin  visiting  cards,  I  cut 
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gratings  with  a  dividing  engine.  See  fig.  6.  The  widths  of  the 
spaces  cat  out  of  these  gratings 
exactly  equalled  the  breadths  of  the 
cardboard  left  in  the  grating.  Grat- 
ings were  thus  made  having  spaoes  of 
1,  2,  3,  4  and  5""°.  The  cardboard  is 
rendered  opaque  by  coating  one  side 
of  it  with  ivory-black  in  dilute  shellac 
varnish.  After  it  haa  dried  the  card- 
board is  well  Hattened  before  it  is 
fastened  to  the  surface  of  a  piece  of 
hard  wood  on  the  dividing-engine. 
The  cutting  edge  of    the  cutter  for  Fig.  6. 

this   work   must   have   a   very   acute 

angle.  I  made  one  by  grinding  down  a  rod  of  Stubs'  steel. 
Heating  this  to  a  dull  cherry  red  and  then  forcing  it  into  a  large 
ball  of  beeswax  gives  the  edge  of  the  cutter  the  required  temper, 
without  the  necessity  of -subsequently  "  letting  it  down."  The 
blackened  side  of  the  gratings 
was  covered  with  the  "  Alba 
tracing  paper."  The  grating 
was  mounted  back  of  an  open- 
ing in  a  black  cardboard  screen, 
so  that  only  the  white  grating  ' 
was  exposed.  Two  other  black 
screens,  Wh  and  Y  of  fig.  7, 
having  openings  of  the  same 
size  as  the  grating  and  covered 
on  the  back  with  the  translucent 
paper,  were  placed  on  either 
side  of  the  grating,  G.  In  fig. 
7,  L  is  the  lamp.  The  window 
is  on  the  other  side  of  G.  The 
screen  S  divides  the  apparatus 
so  that  the  light  of  the  window 
W  reflected  by  the  mirror  M  on 
to  the  screen  Wh  cannot  fall  on 
G  or  on  Y,  which  are  only 
illnminated  by  the  lamp  L. 

The  translucent  paper  of  the  grating  G  and  of  the  screen 
Y  appear  orange  yellow.  The  bands  of  white  cardboard  of 
the  grating  appear  cyan-blue.  The  translncent  paper  of 
the  screen  Wh  is  white. 

Sit  a  little  to  one  side  of  flip  grating  so  as  not  to  intercept 
the  light  from  the  window,  and  look  at  the  grating  tlirough 
the  calc-spar  piism.  Kotate  it  till  the  blue  bands  of  the  grat- 
ing are  superposed  on  the  orange  bands,  when,  if  the  surface  of 
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the  grating  is  equally  spaced,  the  superposed  surfaces  appear 
white  when  compared  with  the  white  of  the  screen  Wh. 
Without  tlie  screen  Wh  the  eye  has  no  term  of  comparison 
and  may  take  a  yellowish  white  for  white.  The  illumination 
of  the  screen  Wh  should  be  made  equal  that  of  the  superposed 
images  of  the  grating. 

When  this  experiment  is  carefully  made,  with  the  proper 
illumination,  the  effect  is  surprising  when,  in  favorable  condi- 
tions, on  rotating  the  prism  you  see  the  grating  actually 
obliterated  with  no  bands  visible,  but  only  a  uniform  white 
surface.     The  grating  with  spaces  of  S""™  gave  the  best  results : 

In  experiments  with  the  screen,  fig.  1,  formed  of  the  card- 
board ring  and  the  translucent  disk,  it  is  easy,  by  altering  the 
relative  intensities  of  the  daylight  and  lamplight  and  by 
changing  the  distance  of  the  lamp  from  the  screen,  to  produce 

freat  changes  in  the  saturation  of  the  contrast-colors.  Indeed 
have  sometimes  thus  obtained,  towards  nightfall,  a  cyan-blue 
so  saturated  in  hue  that  little  or  no  white  was  required  in  the 
disk  of  the  rotator  to  match  the  color  on  the  ring.  In  the 
same  manner  similar  changes  in  color  have  been  observed  in 
the  hue  of  the  ring  illuminated  by  the  lamp. 

On  illuminating  one  side  of  the  screen  by  daylight  and  the 
other  by  the  white  light  of  a  Welsbach  incandescent  lamp,  and 

then  placing  colored  glasses  or 
films  of  colored  gelatine  between 
the  screen  and  the  Welsbach  lamp 
effects  of  contrast  are  obtained 
which  are  so  readily  imagined  by 
the  physicist  as  to  require  no 
description  ;  but  they  are  worth 
viewing. 

Increase  of  the  purity  and 
luminosity  of  the  contrast  colors 
hy  a  rotating  screen, — Make  a 
disk  of  white  cardboard  of  27^"^* 
in  diameter,  with  eight  sectors 
cut  out  of  it,  and  cover  it  with 
translucent  paper  so  that  the 
paper  extends  beyond  the  disk 
and  makes  a  border  8^""^  wide.  A  circle  of  8°™^  in  diameter  is 
left  in  the  center  of  the  disk  and  a  ring  of  IJ^""  on  its  border. 
This  disk  is  shown  in  fig.  8,  but  witli  only  six  sectors.  It 
should  have  eight.  It  is  placed  between  the  lamp  and  the 
window,  and  rotated  with  a  velocity  of  one  revolution  in  about 
IJ  seconds,  while  it  is  viewed  on  the  side  facing  the  window. 
The  blue  sectors  thus  take  successively  the  places  just  before 
occupied  by  the  sectors  of  orange-yellow  and  the  effect  is  to 


Fig.  8. 
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heighten  the  contrast-color  in  such  a  remarkable  manner  that 
the  blue  sectors  by  their  more  intense  color  appear  separated 
from  the  rim  and  central  circle  appear  in  a  plane  farther  from 
the  eye  than  the  plane  of  the  center  and  rim.  On  the  side  of 
the  disk  illuminated  by  the  lamp  the  same  effects  are  produced, 
only  they  appear  more  marked.  A  change  will  also  be  observed 
in  the  hue  of  the  advancing  and  following  edges  of  the  sectors, 
on  both  sides  of  the  disk ;  the  advancing  edges  appearing 
more  saturated  in  hue  than  the  following  edges. 

A  mode  of  observation  hy  which  contrast-colors  are  intensi- 
fied.— Simultaneous  contrast-colors  are  generally  viewed  by 
placing  gray  or  tinted  surfaces  on  colored  grounds,  or  by  the 
juxtaposition  of  colored  surfaces.  The  effects  thus  produced 
are  of  such  constant  occurrence  in  the  paintings  of  artists,  and 
in  colored  fabrics,  that  their  study  is  of  great  interest.  The 
contrast-colors  thus  produced  have  generally  been  studied  by 
simply  placing  on  a  colored  ground  smaller  gray  or  tinted  sur- 
faces and  observing  these  with  the  unaided  eye.  This  method 
has  been  improved  by  H.  Meyer*  who  viewed  the  gray  on  the 
colored  ground  when  both  were  covered  with  white  transparent 
paper. 

The  mode  of  observation  I  have  devised  for  the  study  of 
contrast-colors  is  as  follows.  A  glass  tube  of  2'7®"*  in  interior 
diameter  and  10*^°"^  long:  is  coated  on  the  outside  with  black 
Japan  varnish,  so  as  to  have  reflection  only  from  the  interior 
surface  of  the  tube.  A  ring  of  3®™"  in  diameter  with  a  cen- 
tral opening  of  2*^'^"  is  cut  out  of  gray  paper.  The  gray  of  this 
ring  was  matched  on  the  rotator 
by  a  disk  having  67  parts  of 
ivory-black  and  48  parts  of  white 
Bristol  board.  This  ring,  placed 
on  a  surface  of  emerald  green 
appears  of  a  rose  color.  If  at 
the  distance  of  distinct  vision 
we  look  at  the  ring  through  the 
tube  we  shall  see  the  ring  by 
direct  vision  inclosing  a  circle  of 
green  and  surrounded  by  a  ring 
of  emerald  green,  and  this  in- 
closed by  a  rose  colored  ring, 
produced  by  reflection  from  the  ,F,g.9 

interior  of   the  tube,   and   sur- 
rounding this  ring  is  another  of  emerald  green,  as  shown  in 
fig.  9 ;  in  which  K  and  R  are  the  red  rings  and  G,  G,  and  G, 
the  circle  and  the  two  rings  of  emerald  green. 

♦Pogg.  Ann.,  xcv,  170. 
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The  hue  of  the  rose-colored  rings  as  seen  through  the  tube 
is  much  naore  intense  than  the  hue  of  the  ring  viewed  on  the 
emerald  ground  with  the  unassisted  eye.  Experiments  made 
with  the  aid  of  an  achromatized  calc  spar  prism,  and  by  match- 
ing on  a  rotating  disk  the  colors  of  the  gray  ring  on  an  emerald 
green  ground  showed  that  the  intensity  of  the  contrast-color, 
as  seen  with  the  reflecting  tube  is  nearly  double  of  what  it  is 
when  viewed  by  the  eye  alone.  The  color  of  the  ring  when 
viewed  by  the  unassisted  eye  was  matched  on  the  rotator  by  a 
disk  having  30  parts  of  Chinese  vermillion  +  7  of  "  Hoffman's 
violet  R  R.  E."  +  34  parts  of  ivorj'- black  +  29  of  white 
Bristol  board.  As  seen  through  the  reflecting  tube  the  match 
appeared  to  be  given  by  57  of  Chinese  vermilion  -f  15  of 
'*  Hoffman's  violet  R.  R  R."  +  28  of  white  Bristol  board. 

Another  tube,  4*5*^'°*  in  diameter  and  18^°*^  long  gave  excel- 
lent results,  with  two  reflected  rings,  and  on  nearer  vision,  with 
four  reflected  rings.  A  tube,  suitable  for  these  experiments, 
is  selected  by  closing  one  of  its  ends  by  a  disk  of  cardboard 
having  a  pin  hole  at  its  center.  When  the  end  with  the  pin 
hole  faces  the  sky  and  we  look  through  the  other  end  we  see 
bright  rings  caused  by  the  reflection  of  the  light  of  the  pin 
hole  from  the  surface  of  the  tube.  If  these  rings  are  circular 
and  concentric  the  tube  is  of  circular  section  and  its  axis  is  a 
right  line. 

The  value  of  this  mode  of  observation  is  shown  by  the  fol- 
lowing experiments.  Place  the  ring  of  gray  paper,  or,  a  circle 
of  gray  paper,  about  1^°°"^  in  diameter,  on  a  surface  painted 
with  cobalt  blue,  not  too  saturated.  The  gray  ring,  or,  circle, 
appears  of  an  orange  tint.  Place  a  similar  gray  ring,  or,  circle, 
on  a  surface  lightly  washed  with  emerald  green,  it  appears 
pinkish.  The  difference  between  the  hues  of  the  ring  when 
viewed  on  the  cobalt  blue  and  on  the  emerald  green  though 
decided  is  not  strongly  marked  ;  but  if  viewed  through  the 
reflecting  tube  the  ring  on  the  cobalt  blue  appears  of  a  rather 
intense  orange  and  the  ring  on  the  emerald  green  appears  of  a 
rose  color.  When  so  viewed  the  difference  in  these  hues  is 
strongly  marked. 

Pieces  of  card-board,  painted  with  the  following  colors, 
were  arranged  in  pairs.  Orange  yellow  on  the  less  refrangible 
side  of  D,  and  orange  yellow  on  the  more  refrangible  side  of 
D.  Greenish  yellow  and  yellowish  green,  both  made  with 
gamboge  and  Prussian  blue.  Purple  of  violet  end  of  spec- 
trum with  added  red,  made  with  Hoffman's  violet  R  R.  R.,  and 
violet  between  G  and  H,  Young  and  Miiller's  fundamental 
color.  Place  a  pair  of  the  colors,  as  given  above,  side  by  side 
and  on  each  put  a  gray  ring,  with  a  reflecting  tube  over  each 
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ring.  When  viewed  by  the  unassisted  eye  the  differences  in 
hue  are  slight  and  diflScult  to  define ; 
but  when  viewed  in  rapid  succession 
through  the  adjoining  tubes  the  dif- 
ferences in  hue  are  decided  and  may 
be  readily  matched  in  color  with 
disks  on  the  rotator. 

The  duration  of  the  time  of 
vision  necessary  to  perceive  contrast- 
color. — A  square  screen  was  nlade, 
as  shown  in  iig.  10,  with  a  square  of 
cardboard  in  its  center,  8^™^  on  the 
side,  surrounded  by  a  square  of 
translucent  white  paper,  SS*^""*  on 
the  side.  This  screen  was  placed 
between   the  petroleum   flame   and 

the  window  so  that  its  sides  were  equally  illuminated.  On 
the  side  facing  the  window  the  central  square  appeared  cyan- 
blue.  One-half  of  this  square  was  covered  by  a  strip  of  paper 
so  tinted  with  orange  yellow  that  it  appeared  gray  when  in 
juxtaposition  with  the  other  blue  half  of  the  square. 

On  a  rotator  was  placed  two  super- 
posed black  disks  of  the  same  diameter 
(25''™").  Near  the  periphery  of  each 
disk  was  cut  out  an  annular  slot,  4*^°*" 
long  and  6°'°'  wide,  as  shown  in  fig.  11. 
By  turning  one  of  these  disks  on  the 
other  the  opening  of  this  slot  could  be 
varied  from  4*'°""  to  nothing.  The  rota- 
tor is  so  made  that  the  time  of  a  rotation 
of  the  disk  can  be  held  uniform  and  also 
accurately  measured.  On  gradually  nar- 
rowing the  opening  in  the  slit  the  dura- 
tion of  vision  of  the  blue  and  gray  square  was  reduced  to 
Tinnr  ^^  ^  second,  when  the  blue  naif  of  the  square  could  not 
be  distinguished  from  the  gray  half. 

When  the  screen  was  illuminated  by  a  more  orange  light, 
obtained  by  placing  a  sheet  of  orange  gelatine  between  the 
lamp  and  the  screen,  the  gray  and  blue  were  not  distinguish- 
able when  the  duration  of  vision  was  y^Vir  ^^  ^  second. 

In  these  experiments  I  only  got  11*6  flaslies  of  light  from 
the  screen  in  a  second,  while  the  number  of  flashes  required 
to  banish  all  flickering  from  the  screen  was  accurately  measured 
as  ^  of  a  second  with  the  illumination  of  the  lamp  alone,  and 
^  of  a  second  when  the  lamp -light  traversed  the  orange 
gelatine  film.  These  experiments  show,  what  is  well  known, 
viz :  that  as  the  intensity  of  the  light  diminishes  the  duration 
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of  no  perceptible  change  in  the  intensity  of  the  residual  im- 
pression increases.  I  found  that  the  light  from  a  white  clond, 
seen,  near  noon,  through  a  north  window  on  a  clear  day  lasts 
only  ^^  of  a  second  before  the  residual  effect  diminishes. 

A  gray  ring  was  placed  on  an  emerald  green  ground  facing 
the  light  from  a  bright  white  cloud.  When  viewed  througn 
the  opening  in  the  rotator  the  ring  appeared  pink  on  the  green 
ground  till  the  duration  of  the  vision  of  the  ring  was  reduced 
to  gg>gfl  of  a  second,  when  the  ring  ceased  to  be  visible  on  the 
emerald  green  ground ;  but  ^o  long  as  it  was  visible  the  con- 
trast color  was  visible.  I  found  that  43  flashes  per  second 
were  necessary  to  render  the  vision  of  the  pink  ring  and  green 
ground  steady,  without  the  least  flickering,  while  only  11*6 
flashes  per  second  were  obtained  in  determining  the  yjVrr  ^^  ^ 
second  as  the  time  when  contrast-color  ceased  to  be  visible.  The 
fact  that  the  contrast  color  of  the  ring  remained  till  the  ring 
could  not  be  distinguished  from  the  green  ground  gave  the 
opinion  that  I  ceased  to  obtain  contrast-color  because  the  nar- 
row slit  used  gave  too  little  light  to  the  eye.  On  doubling  the 
width  of  the  slit  and  doubling  the  velocity  of  rotation  the 
contrast-color  of  the  ring  reappeared,  though  the  duration  of 
vision  was  the  same  as  in  the  former  experiment. 

Experiments  on  simultaneous  contrast-colors  produced  hy 
thejtash  of  the  electric  discharge, — The  foregoing  experiments 
having  proved  insuflScient  to  form  any  opinion  as  to  tne  time  of 
vision  necessary  to  perceive  simultaneous  contrast-color  I  made 
the  following  experiments  with  the  light  obtained  by  the  dis- 
charge of  a  Holtz  induction  machine. 

The  gray  ring  was  placed  on  the  emerald  green  ground  near 
a  Holtz  machine,  which  gave  a  very  bright  flash  of  8^™*  long. 
The  condensing  surface  on  the  two  jars  connected  with  the 
electrodes  of  this  machine  equalled  135  square  centimeters. 
Professor  O.  N.  Rood*  measured  the  duration  of  the  flash  of 
Leyden  jars  of  738  and  71  square  centimeters  of  surface, 
charged  by  an  inductorium.  The  durations  of  the  discharges 
of  these  jars  were  respectively  y.ytr+TnrTr  second  and  ^^^^-.^^ 
of  a  second.  From  these  measures  1  infer  that  the  duration  of 
the  flash  of  the  Holtz  machine  did  not  exceed  the  yir.-oi/xr.Trinr 
of  a  second.  With  short  striking  distances  between  the  elec- 
trodes the  flash  is  formed  of  several  separated  acts,  as  shown 
by  Henry,f  Feddersen,:}:  Rood,§  and  Mayer. [  In  the  case  of 
the  discharge  of  a  large  inductorium  the  writer (||)  has  shown 
that  when  the  striking  distance  between  brass  ball  electrodes 
is  only  one  millimeter,  with  a  Leyden  jar  of  242^*^  ^™*  of  sur- 

*  This  Journal,  Sept..  1871  +  Proc.  Amer.  Phil.  Soc  ,  18^2. 

fPogg.  Ann.,  vol.  cxvi,  p.  132.  gThis  Journal,  Oct.,  18*?2. 

This  Journal,  Dec,  J  874. 
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face  in  the  circuit,  the  discharge  lasts  -^ili  of  a  second  and  is 
formed  of  over  120  separate  sparks ;  but  as  the  striking  dis- 
tance is  increased  the  discharge  is  formed  of  fewer  and  fewer 
couaponents,  till  at  a  striking  distance  between  1  and  2°""  the 
discharge  is  reduced  to  a  single  flash.  In  the  following  experi- 
ments the  striking  distance  is  8^*,  and  a  single  flash  was  given, 
whose  duration  we  may  safely  assume  was  less  than  y.Tnrt.irTnr 
of  a  second. 

In  a  dark  room,  at  night,  the  flash  of  this  machine  gave 
vivid  contrast-colors.  The  gray  ring  appearing  bright  pink  on 
an  emerald  green  ground,  and  of  a  bright  yellow  on  an  ultra- 
marine ground.  The  after  images  of  these  effects  lasted  about 
1^  of  a  second. 

A  rod  was  placed  in  front  of  a  white  cardboard  and  the 
shadow  of  the  rod  was  formed  on  the  screen  by  a  candle.  The 
distance  of  the  candle  was  such  that  the  white  cardboard 
appeared  equally  brilliant  when  illuminated  only  by  the  candle, 
or,  only  by  the  electric  flash.  At  the  moment  of  the  flash  the 
appearance  presented  was  very  remarkable.  From  the  shadow 
of  the  candle  appeared  suddenly  to  shoot  a  dark  screen,  which 
had  superposed  the  shadow  of  the  candle,  and  which  shot  to 
the  side  of  the  shadow  and  appeared  of  a  bright  golden  orange, 
while  the  apparently  uncovered  shadow  of  the  candle  appeared 
of  a  brilliant  cobalt 
blue ;  to  my  eye 
exactly  as  though 
a  n  opaque  screen 
had  been  suddenly 
removed  from  a  slit 
in  the  shutter  of  a 
darkened  room, 
which  slit  was  cov- 
ered by  a  piece  of  cobalt  glass. 

A  square  of  thin  green  glass,  4^°"*  by  6^°"%  wa«5  placed  on  a 
piece  of  thin  silvered  glass,  4^""^  by  12^°*",  so  that  the  edges  of 
the  green  glass  and  of  the  silvered  glass  coincided.  This 
arrangement  gave  a  surface,  half  of  silvered  mirror,  half  of 
green  glass.  This  apparatus  was  so  placed  that  the  electrodes 
of  the  machine  and  the  flash  were  reflected  from  it  to  the  eye. 
The  room  was  dark.  At  the  moment  of  the  flash  its  reflection 
appeared  as  in  fig.  12.  On  the  mirror  the  line  of  the  discharge 
was  white  ;  W  in  the  figure.  The  continuation  of  this  line  on 
the  surface  of  the  green  glass  appeared  red  (R  in  figure), 
though  really  white.  In  front  of  and  parallel  to  this  line  was 
a  green  line,  G,  produced  by  the  light  of  the  flash  reflected 
from  the  surface  of  the  silvered  mirror,  and  having  traversed 


Fig.  12. 
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twice  the  thickness  of  the  green  glass.  In  this  Experiment 
we  obtain  contrast-colors  in  the  source  of  light  itself. 

The  explanation  of  the  phenomena  of  simultaneous  contrast- 
colors^  as  generally  given  in  works  on  chromatics,  is  that  they 
are  due  to  "  error  of  judgment,"  to  "  deception  of  judgment,"^ 
or  to  "fluctuation  of  judgment."  The  reasoning  given  may 
be  convincing  if  all  the  conditions  really  exist  which  the 
writers  assume  to  exist  in  their  explanations  of  these  phe- 
nomena. One  of  these  conditions  is  that  a  judgment  can  be 
formed  in  the  minute  interval  of  time  only  necessary  in  which 
to  perceive  contrast-colors.  In  the  experitaents  just  described 
with  the  electric  flash  we  have  apparently  instantaneous  per- 
ception of  the  contrast-colors  in  the  gray  ring  placed  on  the 
green  and  ultramarine  grounds,  in  the  candle  and  electric  light 
shadows  and  even  in  the  very  flash  itself  when  this  is  seen 
reflected  from  the  top  surface  of  a  green  glass  and  from  the 
mirror  on  which  the  green  glass  rests. 

Many  careful  experiments  made  by  me  and  others,  using  as 
chronometer  three  pairs  of  forks  of  the  octave  of  UT^,  giving 
respectively  10,  12  and  15  beats  per  second,  showed  that  cer- 
tainly the  interval  between  the  flash  and  the  perception  of  the 
colors  was  much  less  than  ^i-^  of  a  second.  Indeed,  on  viewing 
the  flash  and  the  illuminated  surfaces  at  the  same  time,  or,  hear- 
ing the  discharge  and  viewing  only  the  illuminated  ring,  no 
interval  could  he  detected  by  this  mode  of  observation  as  exist- 
ing between  the  instant  of  the  flash  and  the  perception  of  the 
colors,  and  we  certainly  could  have  detected  a  shorter  interval 
than  -j^y  of  a  second  had  it  existed. 

Incidentally,  I  will  here  state  that  when  different  geometrical 
or  irregular  figures  cut  out  of  white  paper  and  placed  on  an 
ivorj^-black  ground  were  illuminated  by  the  electric  flash,  the 
observer,  so  far  as  I  could  ascertain  formed  conclusions  as  to 
the  forms  of  the  pieces  of  paper  in  an  interval  of  time  less 
than  the  -^  oi  2i  second.  Certainly  the  interval  of  time  re- 
quired to  reach  a  conclusion  as  to  the  contrast-color  was  less 
than  the  ^^  of  a  second.  Professor  Mendenhall  in  1871  (this 
Journal)  gives  0*292  sec.  for  the  time  required  by  an  observer 
to  respond,  by  means  of  an  electric  chronograph,  to  the  appear- 
ance of  a  white  card.  When  the  observer  responds  by 
touching  the  circuit  key  with  one  hand  when  a  white  card 
appears,  and  with  the  other  hand  when  a  red  card  appears. 
Professor  Mendenhall  finds  0*443  sec.  as  the  time  required 
for  the  response.  Subtracting  the  first  number  from  the 
last  he  obtains  '151,  or  \  sec,  as  the  time  to  form  a  .ludg- 
ment  between  white  and  red.  Similar  experiments  gave 
him  0  202,  or  -§-  sec,  as  the  time  to  judge  whether  a  circle  or  a 
triangle  appeared  to  the  observer.     The  intervention  of  the 
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operation  of  brain,  nerve  and  muscle  before  the  response  is 
recorded  involves  complex  operations,  and  the  action  of  right 
or  left  sides  of  brain  when  the  two  hands  are  used.  It  appears 
that  the  plan  of  eliminating  these  actions  and  thus  obtaining  a 
residual  time  which  is  attributed  to  the  interval  required  to 
form  a  judgment  of  color  or  of  form  is  faulty.  1  am  sure 
that  if  estimation  of  the  time  required  for  such  mental 
operations  is  made  by  the  continuous  indicatio7is  of  the  beats 
of  forks,  such  intervals  as  ^  and  -J-  of  a  second  will  at 
once  appear  much  in  excess  of  the  time  respectively  required 
to  form  a  conclusion  as  to  whether  a  white  or  red  color  or  a 
circle  or  triangle  has  been  presented  to  our  vision. 

It  is  here  to  be  noted  that  although  the  after-images  in  these 
experiments  with  the  electric  flash  lasted  about  ^  of  a  second, 
yet  the  most  careful  scrutiny  could  detect  no  change  in  sensa- 
tion at  and  immediately  following  the  flash.  The  contrast- 
colors,  so  far  as  I  and  others  observed,  appeared  at  the  moment 
of  the  flash.  After  the  instant  the  image  of  the  flash  is  formed 
on  the  retina  there  exists,  no  doubt,  an  interval  of  time  before 
we  are  conscious  of  the  stimulus,  whose  effects  are  seen 
rapidly  to  rise  and  then  more  gradually  to  fall,  falling  with  two 
oscillations  in  intensity,  so  that  all  the  events  of  the  phenome- 
non take  place  in  about  f  of  a  second.  However,  no  vague 
impression  of  surfaces  merely  differing  in  illumination  and 
then  suddenly  changing  into  a  color  and  its  contrast-color 
could  be  detected.  1  think  that  this  interval  of  no  color  sensa- 
tion, if  it  exist,  must  be  of  exceedingly  short  duration ;  but 
such  a  period  of  light  without  color  cannot  be  detected,  and  if 
it  cannot  be  perceived,  then,  so  far  as  we  are  concerned,  it 
appears  to  me,  that  there  can  be  no  hesitation  in  the  percep- 
tion of  the  colors,  and  no  "'  fluctuation  of  the  judgment "  and 
"  dividing  between  two  images  the  difference  in  color  which 
really  exists  "  before  the  mind  reaches  its  conclusion  as  to  the 
character  of  the  colors. 

The  following  experiments  were  separately  made  on  three 
persons  between  whom  no  communication  had  passed  as  to  the 
nature  of  the  experiments  to  be  tried  on  them.  I  placed  a 
gray  ring  on  a  ultramarine  disk  in  front  of  the  Holtz-machine 
and  requested  the  observer,  who  had  implicit  confidence  in  my 
truthfulness,  to  describe  to  me  as  accurately  as  possible  the 
exact  hue  of  the  pink,  or  rose  color,  or  red  he  would  see  on  a 
green  ground  at  the  instant  of  the  electric  flash.  Each  observer 
at  once  said  :  "  it  is  not  pink,  the  ring  appears  yellow  on  a  blue 
ground."  Now  in  each  of  these  experiments  the  observer  was 
prepared,  by  my  pardonable  lying,  to  see  red  on  a  green 
ground,  and  to  see  yellow  on  a  blue  ground  his  mental  con- 
dition of  anticipation  to  see  red  on  a  green  ground  was  first 
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removed  then  a  new  departure  was  taken  and  a  judgment 
formed  which  resulted  in  his  seeing  yellow  on  a  blue  ground, 
and  all  that  in  a  minute  interval  of  time. 

I  do  not  know  if  psychologists  have  come  to  a  conclusion  as 
to  the  smallest  interval  of  time  necessary  to  form  a  judgment, 
either  true  or  false,  or  in  which  to  have  a  "  fluctuation  of  the 
judgment,"  or  in  which  '*  to  exercise  judgment  and  divide 
between  two  colors  the  difference  in  colors  which  really  exist." 
If  such  mental  operations  can  be  performed  in  the  millionth, 
the  thousandth,  or  even  in  a  few  hundredths  of  a  second  then 
the  explanations  of  these  phenomena,  as  generally  given,  may 
be  convincing. 

Von  Bezold  in  his  "  Theory  of  Color,''  Boston,  1876,  in 
explaining  the  fact  that  a  rod  seen  by  reflection  from  a  piece  of 
green  glass  laid  on  a  mirror  gives  two  images  one  green  the 
other  red,  says :  ''  As  the  observer  does  not  know  which  of  the 
two  images  is  the  colored  one  he  exercises  his  judgment,  and 
divides  between  the  two  images  the  difference  in  color  which 
really  exists."  Now  this  experiment  is  similar  in  its  conditions 
and  in  its  effects  of  contrast-color  to  the  one  I  made  on  the 
contrast-colors  of  the  electric  flash,  when  the  same  colors  were 
distinctly  seen  apparently  at  the  moment  of  the  discharge.  Can 
one  "  exercise  his  judgment  and  divide  between  the  two  images 
the  differences  in  color  which  really  exists  "  in  an  interval  of 
time  which  is  less  than  A-  of  a  second  ? 

In  the  experiment  of  the  colored  shadows  cast  by  the  candle 
and  by  daylight,  these  colors  are  explained  by  Von  Bezold 
(pp.  152,  153),  as  follows:  "The  spot  occupied  by  the  blue 
shadow  is  illuminated  by  the  white  daylight^  the  larger  white 
surface  by  daylight  and  hy  candle  lights  the  other  shadow  by 
candle  light  only.  It  might  be  presumed,  therefore,  that  one 
of  the  shadows  would  appear  white  the  other  yellow.  This  is 
not  the  case,  however ;  for  knowing  the  surface  to  be  white 
we  still  take  it  to  be  white  after  it  has  really  received  the  yel- 
low light  of  the  candle.  Our  judgment  is  led  astray  regarding 
white,  and  hence  we  believe  the  place  occupied  by  the  second 
shadow  to  be  blue,  although  it  is  actually  white."  Helmholtz 
{''  Lectures,"  N.  Y.,  1873,  p.  267),  says  :  "  Thus  in  the  experi- 
ment  described  above  of  colored  shadows  thrown  by  day-light 
and  candle  light  the  doubly  illuminated  surface  of  the  paper 
being  the  brightest  object  seen  gives  a  false  criterion  for  white. 
Compared  with  it,  the  really  white  but  less  bright  shadow 
thrown  by  the  candle  looks  blue."  These  explanations  assume 
knowledge  and  conditions  which  are  not  essential.  If  this 
knowledge  and  these  conditions  were  necessary  to  see  the  phe- 
nomena then  these  explanations  of  the  phenomena  might  be 
convincing ;  but  the  conditions  they  assume  are  not  necessary. 
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The  following  experiments  show  that  there  is  nD  necessity  at 
all  in  "  knowing  the  surface  to  be  white "  or  to  see  '*  the 
dodbly  illuminated  surface  of  the  paper." 

The  experiment  of  the  colored  shadows  cast  by  the  candle 
and  by  daylight  was  arranged  behind  a  screen,  so  that  no  one 
could  divine  what  was  there.  A  tube  blackened  on  the  inside 
went  obliquely  through  the  side  of  the  screen  and  was  so 
adjusted  that  the  circular  field  of  view  through  the  tube  was 
entirely  filled  by  equal  portions  of  the  two  shadows,  which 
formed  two  semicircles,  one  colored  orange  the  other  blue. 
The  two  persons  on  whom  I  experimented  were  ignorant  of 
the  phenomena  of  contrast- color  and  moreover  were  misled  as 
to  what  they  would  see  on  looking  into  the  tube,  and  I  was 
specially  careful  not  to  speak  to  them  about  color.  These  per- 
sons were  strangers  to  each  other  and  neither  knew  that  the 
other  had  been  the  subject  of  my  experimenting.  The  first 
observer  at  once  reported :  "  I  see  a  circle  half  yellow  and  half 
blue."  The  other  said  :  "•  I  see  a  golden  band  next  to  a  sky- 
blue  band  and  the  golden  band  is  rather  deeper  in  color  where 
it  is  next  to  the  blue,"  which  is  certainly  a  very  good  descrip- 
tion. 

Having  in  mind  the  facts  established  by  the  foregoing  ex- 
periments it  seems  to  me  that  we  have  either  to  regard  the 
phenomena  of  simultaneous-contrast  color  as  psychical  phe- 
nomena of  which  no  satisfactory  explanation  has  been  given, 
or,  we  must  discard  the  Young-Helmholtz  hvpothesis  of  color 
sensation  and  adopt  one  similar  to  that  of  Hermg,  which  gives  a 
direct  physiological  explanation  of  contrast-color  effects  without 
the  psychological  considerations  which  those  who  adopt  the 
Young-Helmholtz  hypothesis  are  obliged  to  resort  to  in  their 
explanation  of  these  phenomena ;  and  which  explanations,  as  I 
have  attempted  to  show,  are  faulty,  and  have  to  be  modified  to 
be  convincing. 

According  to  Hering's  hypothesis  of  color  sensations  when 
a  portion  of  the  retina  is  stimulated,  adjoining  portions  of  the 
field  of  view  are  affected  by  a  sort  of  inductive  action;  so 
that  changes  are  produced  which  are  antagonistic  or  comple- 
mentary to  those  portions  of  the  retina  actually  stimulated. 

M.  Foster  in  his  '^Physiology,  Lond.,  1891,"  Part  IV,  bk. 
HI,  gives  an  excellent  discussion  of  the  relative  merits  of  the 
Young-Helmholtz  hypothesis  and  Hering's  in  explaining  color 
sensations.  In  conclusion  he  writes  .  .  "  so  far  as  we  are 
aware  no  crucial  test  between  the  two  has  as  yet  been  brought 
forward.  We  may  now  leave  the  matter  with  the  remark 
that  while  the  Young-Helmholtz  theory  tends  to  lead  us 
direct  from  the  retinal  image  to  the  psychological  questioning 
of  the  sensations,  and  seems  to  offer  no  bridge  between  the 
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first  step  and  the  last,  Hering's  theory  is  distinctly  a  physio- 
logical theory,  and  at  least  holds  out  for  us  the  promise  of  be- 
ing able  to  push  the  physiological  explanation  nearer  and 
nearer  home  before  we  are  obliged  to  take  refuge  in  the 
methodaof  psychology." 

A  Photometer  for  measuring  the  intensities  of  differenU/y 
colored  lights, — It  has  already  been  shown  that,  in  certain,  con- 
ditions 01  illumination  and  in  certain  directions  of  sight,  a 
screen  formed  of  perforated  cardboard  covered  with  translu- 
cent paper  appears  with  complementary  colors,  and  that  if  the 
screen  be  in  the  form  of  a  disk  with  alternate  sectors  cut  out 
of  it,  and  is  illuminated  on  one  side  by  daylight  and  on  the 
other  side  by  lamplight,  that  the  blue  of  one  side  of  the  disk 
and  the  orange  of  the  other  appear  intensified  on  slowly  rotat- 
ing the  disk.  On  increasing  tne  velocity  of  rotation  the  com- 
plementary colors  gradually  blend  and  when  the  velocity  of 
rotation  has  banished  all  flickering  light  from  the  disk  it 
appears  nearly  white.  The  side  facing  the  daylight  has  a 
slight  yellowish  tint ;  the  side  facing  the  lamp  appears  whiter, 
but  is  tinted  with  a  feeble  bluish  hue. 

To  study   more  minutely  these  phenomena  I  made  a  disk 

which  could  be  readily  taken 
apart  and  mounted  with  different 
translucent  papers  and  have  at- 
tached to  it  disks  and  rings  of 
various  colors.  I  shall  call  this 
disk,  the  photometer  disic.  It  is 
made  as  follows : 

Two  disks,  13*^™^  in  diameter, 
and  having  eight  sectors  cut  out, 
as  shown  in  fig.  13,  was  made  of 
thin  Bristol  board.  A  circle  of 
2cm8  ijj  diameter  was  left  in  the 
center  of  the  disk,  from  which 
the  cardboard  sectors  radiate. 
The  border  of  the  disk  is  a  ring 
of  ^^  wide,  which  was  painted 
olack.  Clamps,  made  of  thin  hammered  brass,  held  these 
disks  together. 

Between  these  disks  was  placed  a  circle  of  the  same  white 
translucent  paper  used  in  the  construction  of  the  large  con- 
trast-color screen,  fig.  1,  and  the  disks  were  clamped  together 
with  the  open  sectors  of  the  two  disks  coinciding  in  position. 
A  black  disk  of  8*2*^'°^  in  diameter  was  placed  on  each  side  of 
the  photometer  disk,  thus  leaving  between  it  and  the  black 
peripheral  ring  an  annular  space  of  1  O*^""  wide,  formed  of  alter- 
nate spaces  of  cardboard  and  of  translucent  paper.     The  disk 
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was  mounted  on  a  rotator  and  placed  opposite  two  silvered 
mirrors  inclined  at  an  angle  of  150°  ;  an  arranffement  similar 
to  that  of  Letlieby  for  observing  the  disk  of  jBunsen's  pho- 
tometer. The  plane  of  the  disk  of  the  rotator  bisected  the 
angle  formed  by  the  mirrors,  as  shown  in 
fig.  14,  so  that  the  surfaces  of  both  sides  of 
the  disk  could  be  seen  simultaneously,  or, 
rather,  in  rapid  succession.  On  rotating  the 
disk  while  illuminated  by  daylight  on  one 
side  and  by  lamplight  on  the  other,  the  side 
illuminated  by  daylight  appeared  white 
tinted  with  yellow  ;  the  side  facing  the  lamp 
appeared  white  tinted  with  blue.  The  hues 
were  the  same  as  described  in  the  experiment  rig. 14. 

with  the  large  disk,  fig.  8,  only  the  surfaces 
appeared    brighter   by    contrast   with   the   black   center   and 
border. 

The  feeble  character  of  the  hues  on  the  photometer  disk 
led  me  to  hope  that  I  could  bring  these  to  the  same  hue  on 
both  sides  of  the  disk  by  the  effects  of  contrast.  To  accom- 
plish this  I  placed  on  the  daylight  side  of  the  photometer- 
disk  a  compound  disk  formed  of  three  split  disks,  one  of  red 
lead,  one  of  chrome  yellow,  the  other  of  white  Bristol  board. 
On  the  lamplight  side  I  placed  a  disk  formed  of  three  split 
disks,  colored  ultramarine,  emerald  green,  and  one  of  white 
Bristol  board.  On  rotation,  the  compound  disk  on  the  day- 
light side  gave  an  orange  yellow ;  on  the  lamplight  side  the 
disk  gave  a  bluish  green.  These  colors  corresponded  in  hue 
to  those  seen  on  the  respective  sides  of  the  ring  of  the  pho- 
tometer disk  when  it  is  rotated,  only  the  hues  were  much  more 
saturated.  After  a  few  trials  I  brought,  by  the  contrast 
effects  of  these  colored  disks,  the  tints  on  the  two  sides  of  the 
ring  of  the  photometer  to  the  same  hue ;  the  translucent  ring 
appearing  white  with  a  very  slight  orange  yellow  tint  on 
both  of  its  sides.  The  greenish  blue  had  by  contrast  effect 
obliterated  the  blue  tint  of  the  ring  and  even  replaced  it  by  a 
very  feeble  orange  yellow ;  while  on  the  other  side  of  the  ring 
the  orange  yellow  disk  had  diminished  the  orange  yellow  tint 
of  the  ring  to  the  same  feeble  orange  yellow  as  seen  on  the 
other  side  of  the  ring. 

Experiments  were  now  made  to  test  this  apparatus  as  a  pho- 
tometer. Equality  of  illumination  cannot  be  determined  with 
any  precision  if  the  two  surfaces  compared  differ  even  slightly 
in  hue.  Here  we  had  the  same  hue  to  deal  with  on  both 
sides  of  the  ring ;  which  condition  is  different  from  the 
Bnnsen  photometer  on  which  we  have  two  colors  on  each  side 
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of  the  disk.     Various  methods  were  tried  to  render  rcliahle 
the  comparieon  of  the  illumination  of  the  two  sides, 

(1)  I  UBed  the  eye  alone,  regarding  only  the  portions  of  the 
ring  on  the  herder  near  the  mirror,  as  shown  in  fig.  li. 

{2)  Two  prisms  reflected  the  images  of 
portions  of  the  sides  of  the  ring  nearest  the 
mirror  to  juxtaposition,  as  shown  in  fig,  15. 
(3)  A  tube  blackened  on  the  inside,  with  a 
black  screen  on  the  end  next  the  disk,  as 
shown  in  tig.  16,  was  used.  The  eye  was 
thus  shielded  from  extraneous  light  and  the 
comparisons  of  illuminations  was  made,  asin 
experiments  1  and  2,  on  the  portions  of  the 
rings  which  were  nearest  the  mirror  as  shown 
in  tig.  16.  Vision  through  this  screened  tube 
gave  the  best  results. 
After  practice  in  such  comparisons,  made  during  several 
hours  on  different  days,  I  became  more  and  more  skillful  and 
the  results  of  measurements  become  more  concordant;  bot 
such  methods  of  photometry  do  not  ap 
proach  the  accuracy  of  those  in  which 
two  contiguous  surfaces  of  different  de- 
grees of  translucency  coalesce  into  one 
,  surface  of  a  uniform  illumination,  as 
I  happens  on  the  balance  of  illuminations 
on  the  two  sides  of  a  Bunsen  photometer 
disk  when  these  areilhiminated  by  lights 
of  the  same  intensity  and  of  exactly  the 
same  hue.  A  photometer  for  this  mode 
of  observation  is  described  in  the  follow- 
ing section.  It  has,  however,  the  advan- 
tage over  the  Bunsen  photometer  in  that 
it  serves  to  measure  the  intensities  of  differently  colored  lights. 
The  Botating-Biak  Photometer. — The  photometer  disk  was 
taken  apart  and  a  ring  of  thin  white  linen  paper*  of  the 
diameter  of  the  disk  and  ^V"  wide  was  laid  on  one  of  the 
disks  ;  this  was  covered  by  the  circle  of  thin  translucent  white 
paper  and  on  this  was  laid  another  ring  of  the  thin  linen  paper. 
Tiie  disks  were  now  clamped  together.  The  outer  portions 
of  the  open  sectors  of  the  disk  were  thus  closed  by  two  thick- 
nesses of  the  thin  linen  paper  with  the  "alba  tracing- paper" 
between  tliem,  a,  in  fig.  17;  while  the  inner  portions  of  the 
sectors  were  closed  by  the  tracing-paper  alone,  b,  in  tig.  17. 

On  rotating  the  disk,  it  was  not  possible  to  balance  the 
colors  of  the  outer  half  {«  in  fig.  17),  of  the  ring  formed  of 
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three  thickDessea  of  paper,  with 
the  same  central  colored  disks, 
used  in  the  previous  experiment, 
when  one  side  of  the  disk  was 
illuminated  by  lamplight,  the 
other  by  daylight.  But  on 
increasing  the  saturation  of  the 
hues  of  the  central  disks  and 
adding  peripheral  rings  of  the 
same  hues,  I  succeeded  in  mak- 
ing the  hues  the  same  on  both 
sides  of  the  photometer  ring.  If 
equaJity  of  hue  can  be  obtained 
when  the  photometer  is  illumi- 
nated, on  one  side  by  lamplight  Fig.l7. 
and  on  the  other  by  dayliglit, 

then  the  contrast -colors  may  be  bronglit  to  the  same  hue 
when  the  photometer  is  illuminated  on  one  side  by  a  candle  or 
petroleum  flame  and  the  other  side  by  the  electric  are  ligiit  or 
by  the  whitest  Welsbach  incandescent  lamp. 

With  a  change  of  distance  of  the  petroleum  flame  from  the 
photometer  the  differences  in  the  illumination  of  the  portions 
a  and  5,  flg.  17,  of  the  ring  were  changed.  When  the  two 
sides  of  the  ring  were  equally  illuminated  the  rings  a  and  h 
appeared  indistinguishable,  fusing  into  one  ring  of  uniform 
tint  and  illnmination,  of  the  breadth  of  (t  +  6. 

With  the  best  Bunsen  photometer  disk*  I  was  unable  to 
decide  where  it  received  equal  illumination  on  its  sides,  so  diffi- 
cult was  it  to  judge  of  equal  brightness  of  the  blue  and  orange 
on  one  side  when  compared  with  the  orange  and  blue  in  the 
same  respective  positions  on  the  other  side  of  the  disk. 

With  a  petroleum  flame  of  40  candle  light  giving  power  on 
one  side  of  the  rotating  photometer  and  a  candle  on  the  otlier, 
the  delicacy  of  the  indications  of  the  rotating  pliotometer 
equalled,  and  even  slightly  excelled,  those  of  the  very  best 
Bunsen  photometer  disk. 

If  we  bring  in  succession  the  translucent  sectors  of  the  rota- 
ting photometer  disk  between  two  lights  we  observe  that,  on 
certain  sectors,  a  and  b  appear  as  one  surface  of  the  same  uni- 
form tint  and  illumination ;  on  other  sectors  sometimes  n, 
sometimes  6,  is  the  brighter.  Rotation  of  the  disk  entirely 
destroys  such  slight  differences  and  the  disk  then  acts  as  if 
made  of  absolutely  homogeneous  material,  placed  in  the  same 
conditions  of  contact  of  the  layers  of  paper,  in  each  translu- 
cent sector. 

d  by  theAmeri- 
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The  hue  of  the  light  of  ^^  a  white  incandescent  Welshach 
lamp^''  compared  with  daylight, — When  the  screen,  fig.  1,  is 
illuminated  on  one  side  by  the  Welsbach  lamp  and  on  the  other 
by  daylight,  the  side  of  the  ring  of  the  screen  facing  the 
dayygifit  appears  a  feeble  blue  decidedly  tinged  with  violet. 
The  side  of  the  ring  facing  the  Welsbach  lamp  is  colored 
greenish  oi'ange.  This  greenish  orange  was  matched  in  hue, 
but  not  in  luminosity,  by  a  rotating  disk  having  41*6  parts  of 
red  lead,  41*5  of  chrome  yellow  and  17  of  emerald  green,  viewed 
illuminated  by  daylight.  This  appears  to  be  the  hue  of  the 
Welsbach  light  when  compared  with  daylight. 

Experiments  in  which  are  compared  the  hues  of  the  light  of 
an  incandescent  Welshach  lamp  and  of  candle  light. — When 
"a  white-light  incandescent  Welsbach  lamp"  is  placed  on  one 
side  of  the  large  screen,  fig.  1,  and  a  candle,  or  petroleum 
flame,  on  the  other  side,  the  cardboard  ring  of  the  screen  fac- 
ing the  Welsbach  light  appears  of  a  light  bluish  green ;  the 
side  of  the  ring  facing  the  candle,  or  petroleum  flame,  appears 
of  a  light  carmine. 

Matching  these  hues  on  the  rotator  with  split  disks  gave  the 
following  results  when  the  two  sides  of  the  screen  were  equally 
illuminated.  The  hue  of  the  ring  on  the  side  facing  the 
Welsbach  lamp  was  matched  by  8  parts  of  emerald  green,  10 
of  cobalt  blue,  25  of  ivory  black  and  57  parts  of  white  Bristol 
board,  as  seen  illuminated  by  the  Welsbach  lamp.  The  hue 
on  the  side  of  the  ring  facing  the  candle  or  petroleum  flame 
was  matched  by  12  of  carmine,  17  of  ivory  black  and  71  of 
white  cardboard,  as  seen  illuminjited  by  the  petroleum  flame. 

Experiments  with  the  rotating-photometer  dish  placed  he^ 
tween  the  Welsbach  lamp  and  the  petroleum  flame, — On  rotat- 
ing the  photometer  disk,  without  any  central  disks,  between 
these  lights,  the  same  hues  as  those  already  described  were 
seen  on  its  sides,  only  these  hues  were  much  less  saturated. 

The  white  disks  placed  on  the  sides  of  the  rotating  pho- 
tometer made  the  hues  less  saturated. 

With  a  white  disk  on  the  petroleum  flame  side  and  a  black 
disk  on  the  Welsbach  lamp  side  the  difference  between  the 
hues  of  the  sides  of  the  photometer  were  more  pronounced. 

With  a  disk  of  cobalt  blue,  emerald  green  and  white  on  the 
Welsbach-light  side  and  a  white  disk  on  the  petroleum  flame 
side,  the  side  of  photometer  facing  the  Welsbach  lamp  ap- 
peared white  and  the  side  facing  the  petroleum  flame  was  less 
carmine  ;  the  differences  in  hue  being  less  than  in  any  of  the 
previous  experiments. 

By  trial  I  found  that  when  a  disk  of  33  parts  of  emerald 
green,  42  of  cobalt  blue  and  25  of  white  was  placed  on  the 
Welsbach  lamp  side  of  the  photometer  disk,  with  a  ring  of  the 
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same  hue  on  the  periphery  and  a  disk  of  75  parts  of  carmine 
and  25  of  white  was  on  the  petroleum  jBlame  side  of  the  pho- 
tometer disk,  with  a  ring  of  the  same  hue  on  the  periphery  of 
the  photometer,  that  the  sides  of  the  photometric  ring  of  the 
photometer  had  the  same  hue  ;  which  was  white  tinged  with 
just  a  perceptible  carmine. 

We  are  now  in  condition  to  make  an  interesting  experiment 
which  shows  in  a  striking  manner  the  effects  of  the  colored 
central  disks  and  peripheral  rings  on  the  colors  of  the  photo- 
metric ring  of"  the  photometer.  The  exact  balance  of  hue  on 
both  sides  of  the  photometer  has  been  obtained.  Reverse  the 
photometer  disk  with  its  central  disks  and  lings  and  rotate  the 
disk  in  front  of  the  mirrors.  We  now  see  the  photometric 
ring  with  strong  contrast  of  color  on  its  sides,  and  the  concen- 
tric rings  a  and  h  are  separately  seen,  not  appearing  indistin- 
guishable as  in  the  previous  experiment.  By  the  reversal  we 
have,  by  the  effects  of  the  disks  and  rings,  added  to  the  effects 
produced  alone  by  the  lights. 

It  is  to  be  noted  that  the  colors  on  the  disks  and  rings  of  the 
photometer  must  not  be  too  saturated  in  hue.  The  elementary 
disks  of  these  compound  color  disks  should  be  made  of  thin 
Bristol  board  and  after  they  have  been  painted  should  be  well 
flattened  before  they  are  slit  radially.  After  the  proper  hues 
have  been  obtained  for  the  disks  which  correct  the  color  of  the 
photometric  ring,  the  same  hues  should  be  painted  on  single 
disks,  which  are  subsequently  flattened.  The  thinner  the 
color-correcting  disks  and  the  closer  they  fit  to  the  photometer 
disk  the  greater  is  their  contrast  color-effect.  The  colored 
rings  must  be  cut  out  of  the  painted  cardboard,  for  if  the 
rings  are  painted  after  they  are  formed  it  is  very  diflScult  to 
make  them  flat. 

To  render  easy  the  making  of  this  photometer  I  made  ex- 
periments so  that  one  could  get  the  proper  hues  of  the  cor- 
recting disks  and  rings  by  mixtures  of  definite  weights  of  the 
Irigment  powders  and  definite  volumes  of  gum-water ;  but  it  is 
ess  troublesome  to  paint  a  few  disks  with  colors  variously 
saturated  and  repeat  the  experiments  I  have  described,  and 
thus  furnish  oneself  with  the  sets  of  disks  and  rings  necessary 
for  the  photometric  measures  of  the  arc  electric  light,  of  the 
Welsbach  white  burner,  etc.,  when  compared  with  the  standard 
candle  or  petroleum  fiame. 

The  rotator  on  which  the  photometer-disk  is  revolved  should 
be  made  as  shown  in  fig.  18,  so  that  the  standard,  S,  and  the 
pulley,  P,  which  is  driven  by  the  wheel,  W,  shade  as  little  as 
possible  the  rotating  disk. 

Photometric  measures  with  the  Rotating- Disk  Photometer, 
— On  one  side  of  the  photometer  was  placed  "  a  white  Wels- 


3^  W.  P,  Headden — Kehoeite^  a  new  Phosphate, 

bach  burner"  with  a  light-giving  power  of  33 
candles,  on  the  other  side  a  standard  candla 
As  the  candle  was  gradually  brought  nearer  the 
rotating  photometer  the  illumination  and  hues  of 
the  portions  a  and  h  (fig.  17)  of  the  photometric 
ring  approached  equality  and  when  the  candle  was 
at  a  certain  distance  the  difference  of  illumination 
and  hues  of  a  and  h  become  indistinguishable  and 
only  a  band  with  a  breadth  of  a-\-b  with  a  uniform 
surface  was  observed  on  the  sides  of  the  photometric 
ring. 

The  measures  of  the  intensity  of  the  light  of  the 
Welsbach  lamp  in  terms  of  the  standard  candle  were 
made  by  a  friend.  He  made  sixteen  measures  with 
my  Kotating-Disk  Photometer  and  sixteen  with  the 
Bunsen  Photometer. 

The  mean  of  the  series  of  measures  made  with 
the  Eotating-Disk  Photometer  differed  from  the 
mean  of  the  departure  of  the  maximum  and  mini- 
^"^  mum  measures  from  the  mean  by  1*49  per  cent  of 
the  mean  intensity  of  the  light  of  the  Welsbach 
lamp. 

The  mean  of  the  series  of  measures  made  with 
the  Bunsen  Photometer  differed  from  the  mean  of 
the  departure  of  the  maximum  and  minimum  meas- 
ures from  the  mean  by  5*22  per  cent  of  the  mean 
intensity  of  the  light  of  the  Welsbach  lamp. 

Hoboken,  N".  J.,  April  15,  1893. 


Art.  II. — Kehoeite^  a  new  Phosphate  from  Galena^  Law- 
rence Co.^  S.  D.  ;  by  Wm.  P.  Headden. 

About  three  years  ago  I  received  a  number  of  minerals, 
mostly  from  the  Merritt  mine  located  at  Galena,  S.  D.,  among 
which  was  the  material  described  in  this  note.  The  mineral 
forms  seams  and  bunches  in  the  ore  at  one  point  in  the  mine. 
The  ore  is  an  argentiferous  galena  carrying  zinc  blende  and 
iron  pyrites.  Goslarite  occurs  at  other  points  in  the  mine  but 
was  not  found  in  the  immediate  vicinity  of  this  occurrence. 
The  nearest  point  at  which  the  goslarite  was  observed  was 
some  500  feet  distant. 

The  material  is  white,  amorphous  and  insoluble  in  water,  but 
it  yields  a  small  amount  of  zincous  oxide  and  phosphoric  acid  to 
concentrated  hydric  acetate  upon  continued  boiling.    Ammonic 
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hydrate  extracts  rather  more  zinc  than  the  hydric  acetate  but 
does  not  dissolve  it  to  any  great  extent.  Concentrated 
potassic  hydrate  as  well  as  the  dilute  hydric  salts,  i.  e.  HCl . 
HNO,  and  H,SO^  dissolve  it  readily  and  conopletely.  The 
washed  mineral  forms  an  impalpable  powder  with  a  specific 
gravity  of  2*34:  at  15°  ;  it  is  infusible,  and  in  the  closed  tube 
yields  an  abundance  of  water.  With  soda  on  charcoal  it  gives 
an  incrustation  of  zinc  oxide,  obtained  with  some  difficulty — 
and  reacts  for  alumina,  when  moistened  with  cobalt  solution. 
Borax  and  phosphorus  salt  dissolve  it  readily ;  the  beads  are 
slightly  yellow  while  hot  and  colorless  when  cold.  The  satu- 
rated beads  become  opaque  upon  flaming. 

The  strongly  ignited  mineral  is  not  completely  soluble  in 
HCl,  HNO3  ^^*  1^  aqua  regia  ;  the  residue  insoluble  in  these 
acids  contains  alumina  and  zinc,  but  no  phosphoric  acid  or 
only  traces  of  it.  The  air  dried  material  loses  when  dried  at 
105-110°,  14*2  per  cent  and  loses  but  3  34  per  cent  additional 
between  115-120°.  It  required  continued  heating  over  a 
Kellogg  burner  to  expel  the  last  portion  of  water.  The 
washed  and  air-dried  material  had  the  following  composition  : 

I.  II.  in. 

Insoluble 1-76  1-78               1-74 

H3O 31-06  31-04              30-92 

P,0, 20-76  26-74              26-78 

SO, -50                  -64                

ZnO 11-64  11-54              11-58 

CaO 2-70               290               

Al.Og 24-84  25-62 

Fe,03 -78     . 

M<;0 -08               

CI   trace  trace 


100-02 


100-16 


Analysis  No.  I  gives  after  deducting  the  insoluble 


H,0.... 

PA-.-. 
S63 

ZnO.... 
CaO  .... 
MgO  ... 

Al^O.  . . . 
Fe,0, . . . 


31-60  =  0*2808 
2713 
•51 

11-74 
2-75 

•08 

25-29 

•79 


0-1529  ) 
0-0031  \ 

0-0232 
0-0079 
0-0003 
0-1178 
0-0024 


'2808 
-1560 

-0314 
•1202 


891 
4-96 


9 
5 


15 


3-83 


12 


99-94 


The  oxygen  ratios   correspond  to  3R0  4- 4R30g+3P20j + 
27HA  or  R3P,0«+2A1,PA  +  2A1,(0H), +  21H,0  in  which 
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R  =Zno+Cai.     The  small  amount  of  SO3  present  and  the 

deportment  of  the  material  toward  concentrated  hydric  acetate 
inaicate  the  absence  of  any  significant  quantity  of  basic  sul- 
phate or  hydrated  oxide  of  zinc.  The  analyses  show  an  excess 
of  basic  oxides  over  the  quantity  required  by  the  PjO^  present 
in  order  to  form  neutral  salts,  and  the  fact  that  igniting  the 
material  rendered  a  part  of  it  insoluble  may  be  interpreted  in 
the  same  sense,  especially  as  the  insoluble  portion  is  quite  free 
from  phosphoric  acid  and  consists  largely  of  alumina.  On  the 
other  hand  the  presence  of  zinc  and  phosphoric  acid  in  the 
hydric  acetate  solution  is  suggestive  of  the  presence  of  a  zinc- 
ous  phosphate. 

As  a  control  on  the  water-determination,  a  portion  of  the 
unwashed  mineral  which  had  been  kept  for  upwards  of  three 
years  in  a  stoppered  but  unsealed  bottle,  and  then  exposed  to 
the  atmosphere  of  a  warm  room  for  three  days,  was  ignited 
and  showed  a  loss  of  3148  per  cent.  I  could  not  detect  any 
CO3  in  the  mineral. 

The  formula  suggested,  when  R=Zn,  requires  :  PjO^  27*25, 
A1,0,  26-10  .  ZnO  15-67  and  H,0  31-09. 

The  relationship  of  this  mineral  is  not  evident.  If,  how- 
ever, the  analysis  made  by  Hermann  on  material  from  Rich- 
mond, Mass.,  and  given  on  p.  178,  Dana's  System  of  Min.,  5th 
ed.,  is  correct,  then  there  is  an  aluminic  phosphate  having  the 
formula  Al3P30g+9H20  and  the  material  presented  in  this 
note  may  be  a  molecular  combination  of  the  following  char- 
acter :  2(Al,PA+9H,0)-h2AlXOH).+(Zn3PA+3H.O). 

I  propose  Kehoeite  as  the  name  of  this  mineral,  after  Mr. 
Henry  Kehoe,  to  whom  I  am  indebted  for  the  material  and 
who  was  the  first  to  observe  its  occurrence. 

Note  on  Jarosite. — This  mineral  is  found  as^  a  coating  in 
and  sometimes  partly  filling  larger  cavities  in  the  auriferous 
quartzite  which  is  the  chief  ore  obtained  in  the  Buxton  mine, 
Lawrence  Co.,  S.  D.  It  also  occurs  in  the  smaller  cavities  of 
the  rock  and  in  distinct  crystals  associated  with  small  quartz 
crystals  which  cover  old  fracture-planes  in  the  rock.  The 
jarosite  where  it  is  free  from  limonite  has  a  golden  yellow  color 
and  the  mass  is  composed  of  scales  which  under  the  micro- 
scope appear  as  six-sided  plates.  The  largest  crystals  observed 
were  about  2"°"  in  breadth  and  have  a  light  brown  color  ;  their 
form  could  be  recognized  with  the  aid  of  a  good  magnifier  as 
a  combination  of  a  rhombohedron  and  the  basal  plane. 

The  purest  material  that  I  could  select  gave  : 
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Quartz 6"  10     Qnarlz  deducted.    O. 

SO3 28-46  30-29  =      -1817  ) 

A8,0, 2-36  2-51  -0087  f  ^""*    '^ 

Fe,0, 46-27  49-28  -J478  -1478     9-35 

CaO -39  -42  -0012) 

Xa-O 4-35  4-62  -0119^-0158           1 

K,0 1-47  1-57  -0027) 

HO 10-56  11-24  -0999     '0999          6  3 


a 


99-95  99-93 

Tlie  excess  in  O  ratios  for  the  iron  and  water  is  to  be  attrib- 
uted to  the  presence  of  some  ferric  hydrate  and  the  O  ratios 
for  tlic  sample  is  1 :  9  :  12  :  6. 

State  School  of  Mines,  Rapid  City,  S.  D. 


Art.  III. — On  the  Ammonium- Lead  Halides ;  by  H.  L. 

Wells  and  W.  R  Johnston. 

It  is  a  well  known  fact  that  the  ammonium  double  halides, 
like  other  ammonium  salts,  are  usually  analogous  to  those  of 
the  alkali-metals,  especially  to  those  of  potassium.  For  example, 
in  connection  with  an  investigation  of  the  caesium-mercuric 
halides,  made  by  one  of  us,*  it  was  noticeable  that  caesium  com- 
pounds were  prepared,  corresponding  to  all  of  the  four  types 
of  'ammonium-mercuric  halides  that  had  been  previously 
described. 

A  study  of  the  csesium-lead  and  potassium-lead  halides  has 
recently  been  made  in  this  laboratory,f  and,  in  view  of  the 
fact  that  the  existence  of  four  very  simple  types  of  double  salts 
was  established  by  that  investigation,  it  seemed  desirable  to  re- 
investigate the  ammonium-lead  halides,  since  a  considerable 
number  of  these  with  very  complicated  formulae  had  been 
described.  These  peculiar  ammonium-lead  halides  have  formed 
the  most  noticeable  exception  to  the  similarity  of  the  alkali- 
metal  and  ammonium  salts,  and  it  seems  probable  that  it  was 
chiefly  on  account  of  these  that  Kemsen  has  remarked  \X  "  The 
position  of  the  double  halides  containing  ammonium  is  cer- 
tainly exceptional.  They  seem  to  be  governed  by  some  law 
of  their  own." 

All  of  the  extremely  complicated  ammonium-lead  salts  have 
been  described  by  Andre.§ 

The  list  of  his  alleged  compounds  is  as  follows : 

*  This  Journal,  xliv,  221.  t  This  Journal,  xlv,  121. 

1  Am.  Chem.  Jour.,  xi,  296. 

§  Compt.  Rend.,  xcvi,  435  and  1502;  Bull.  Soc.  Chim.,  [2],  xl,  14. 
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PbCl,.l8NHp.4HO  2PbBr,.14NHBr.3H,0 

PbCl,.10NH,Cl.H,O  PhBivt5NH,Br.H,0 

2PbCI,.l8NHOI.3Hp  7PbBivl2NH,Br.7H,0 

PbCI,.6NH,CI.H,0  3PbBiv2NHKr.H,0 

4PbCI,.22NHCI.7H,0 

4PbCl,.18NH,Cl.5H,0 

4PbCl,.2NH,CI.6H,0 

From  Andre's  original  articles,  it  appeared  tbat  he  made  no 
mention  of  having  ever  prepared  any  of  his  remarkable 
products  more  than  once,  and  it  seems  probable  that  whenever 
he  obtained  a  crop  of  crystals  or  a  precipitate  he  described  it 
as  a  new  compound,  without  regarding  the  number  of  differ- 
ent substances  that  it  might  contain.  Andr6  operated  in  two 
ways.  A  part  of  his  salts  were  made  by  dissolving  a  lead  hal- 
ide  in  a  hot  solution  of  the  corresponding  ammonium  lialide 
and  cooling,  while  the  rest  were  made  by  dissolving  lead  mon- 
oxide in  boiling  solutions  of  ammonium  chloride  or  bromide. 
From  the  products  made  by  the  last  method  he  obtained  lead 
oxychlorides  or  oxybromides  by  heating  them  with  water  in 
sealed  tubes.  This  peculiarity  of  these  products  caused  him  to 
remark  that  all  the  chlorides  made  in  this  way  seemed  to  con- 
tain some  oxychloride.  This  is  the  only  evidence  of  any  sus- 
picion on  his  part  that  he  was  obtaining  mixtures.  In  a 
number  of  instances  Andr6  describes  his  products  as  "crystal- 
line precipitates,"  "  brilliant  plates  with  pearly  lustre,"  ^'  crys- 
tallized bodies "  etc ,  so  that  it  would  seem  that  they  should 
have  been  pure,  but  after  having  repeated  his  experiments,  fol- 
lowing his  methods  as  closely  as  his  descriptions  permitted, 
with  many  variations  and  repetitions,  we  are  convinced  that 
not  one  of  the  salts  described  by  Andre  exists. 

Our  work  has  resulted  in  the  preparation  of  the  following 
series  of  salts : 

Type  2  :  1  Type  1 :  1  Type  1 ;  2 

3NH,PbCl,.H,0  NH^Pb^Cl, 


(NHJ,PbBr,.H,0  NH.Pb3Br 

NHPbL.2H„0 


6 


For  comparison,  the  potassium  series,  already  referred  to,  is 
given  : 

Type  'J  :  1  Type  1 :  1  Type  1 :  2 

3KPl)Cl3.H,0  KPb,Cl, 

K^PbBr^.H^O  3KPI)Br3.Hp  KPb,Br^ 

KPbBivH^O 
KPbT.2HO  


It  is  to  be  noticed  that  the  two  series  correspond  exactly,  ex- 
cept that  no  ammonium-lead  bromide  of  the  1  : 1  type  was 
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obtained.  These  results  show  that  the  ammonium-lead  halides 
are  entirely  analogous  to  the  potassium  salts,  and  that  there  is 
no  indication  that  they  are  governed  by  a  law  of  their  own. 

Returning  to  the  mixtures  described  as  compounds  by 
Andre,  it  should  be  noticed  that  he  came  near  tinding  the  cor- 
rect formuljB  for  three  salts.  His  formula  iPbClg  2NH^C1. 
6H,0  would  be  correct  if  the  water  were  omitted.  He  should 
have  found  two  more  molecules  of  NH^Br  in  the  formula 
7PbBr,.l2NH,Br.7H,0  in  order  to  have  the  salt  (NH^^PhBr,. 
H,0,  and  his  formula  3PbBr3.2NH^Br.H20,  in  comparison  with 
the  errors  involved  in  his  more  complicated  mixtures,  is  rather 
near  NH.Pb.Br,. 

Such  work  as  Andre's  is  liable  to  hinder  the  development  of 
correct  chemical  theories.  A  case  has  been  mentioned  above 
where  it  is  probable  that  his  results  have  been  an  important 
factor  in  causing  the  ammonium  double  halides  to  be  looked 
upon  as  a  class  of  bodies  distinct  from  the  alkali-metal  com- 
pounds, and  it  may  be  mentioned  that  Carnegie*  has  used 
Andr6'3  formula  PhBr^-GNH^Br  in  support  of  a  theory  on  double 
halides,  although,  as  must  be  added,  he  considers  Andre's 
more  complicated  formulae  as  inconsistent  with  his  ideas. 

We  have  investigated  the  ammonium-lead  halides  by  methods 
which  are  entirely  like  those  used  for  the  potassium  salts,  and, 
in  addition,  numerous  experiments  have  been  made  in  order 
to  investigate  Andrd's  methods  of  preparation.  The  analytical 
methods  used  have  been  simple.  Ammonium  was  determined 
by  distillation  with  potash  solution  and  alkalimetry.  Lead  was 
determined  by  treating  the  substance  in  a  platinum  crucible 
with  sulphuric  acid,  evaporating,  igniting  and  weighing  lead 
sulphate.  To  determine  a  halogen,  the  substance  was  treated 
with  hot  water  and  an  excess  of  silver  nitrate  was  added ;  after 
sufficient  digestion,  nitric  acid  was  added,  and  when  the  pre- 
cipitate had  settled  properly  it  was  collected  and  weighed  on 
a  Gooch  filter.  Water  was  determined  by  the  loss  at  100°,  or 
sometimes  at  a  somewhat  higher  temperature. 

1:1  Ammonium-Lead  Chloride^  SNIl^PhCl^.U^O : — This 
is  formed  by  dissolving  lead  chloride  in  hot  concentrated  solu- 
tions of  ammonium  chloride  and  cooling.  Sample  A  was  made 
by  dissolving  25^  of  PbCl,  in  700^°  of  an  ammonium  chloride 
solution  which  was  more  than  saturated  when  cold.  The 
double  salt  was  deposited  in  the  form  of  colorless,  transparent, 
prismatic  crystals  while  the  solution  was  still  somewhat  warm. 
Some  of  the  crystals  were  removed  from  the  warm  solution, 
quickly  pressed  between  smooth  filter-papers  and  air-dried  for 
analysis.  On  cooling  the  solution,  ammonium  chloride  crystal- 
lized upon  the  double  salt.     Sample  B  was  obtained  by  dissolv- 

*Am.  Chem.  Jour.,  xv,  11. 
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ing  5*  of  PbO  in  200^°  of  a  boiling  solution  of  NH.Cl  which 
was  nearly  cold-saturated.  The  last  method  was  suggested  by 
Andre's  experiments. 

Calculated  for 
A  B  3NH4PbCl3.HaO 

Ammonium 5'22-  5*45              6*33 

Lead.    61-12-60-60  61-84-61-88  61-31 

Chlorine 3 1-78-3 1-79  31-64  31-56 

Water 1-78                   1-78 

The  water  in  A  was  determined  by  heating  at  about  120®  for 
one  hour.  The  limits  of  the  conditions  under  which  this  salt 
is  formed  are  narrow,  for,  on  slightly  diluting  the  solutions 
which  have  given  it,  the  following  compound  is  produced. 

1:2  Ammonium-Lead  Chloride^  NH^Phfil^: — This  salt 
is  produced  under  wide  limits  of  conditions.  It  forms  color- 
less, short,  transparent  prisms  which  are  usually  doubly  ter- 
minated and  are  apparently  orthorhombic  in  form.  The  crys- 
tals retain  their  luster  on  drying  and  are  anhydrous. 

Four  crops  were  made  under  the  following  conditions: 

NH4CI  PbCl.,  Volume. 

A                   100  g.  30  g.  1000^*^ 

B                   100  20  1000 

C                   200  15  650 

D                  200  GO  700 

These  crops  gave  the  following  analyses : 

Ammonium.  Lead.  Chlorine. 

A  2-36-2-67  67-3R-67-36  29*08-29-14 

B  66-26-67-56  

C  _.  66-94-66-76  29-16-29-24 

D  68-00-6728  

Calculated  for  )         2-95  67-93  29-12 


NH.Pb„Cl. 


'1 


Another  double  chloride  was  observed,  the  composition  of 
which  was  not  determined.  It  will  be  referred  to  beyond, 
under  the  discussion  of  Andre's  products. 

2:1  Ammonium- Lead  Bromide^  (NH^^PhBr^.HJ^ : — 
This  salt  is  easily  prepared  by  dissolving  lead  bromide  in  con- 
centrated solutions  of  ammonium  bromide.  Its  formation  was 
also  observed  when  lead  oxide  was  dissolved  in  ammonium 
bromide  by  boiling.  It  forms  beautiful  radiating  groups  of 
highly  refracting,  slender  prisms.  Three  crops  were  made  as 
follows : 

NH4Br  PbBra  Volume. 

A  200  g.  50  g.  380^° 

B  ?  25  260 

C  200  50  380 
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The  analyses  were  as  follows : 

Ammonium.  Lead.  Bromine.  Water. 

A  6-01-5-86     37-12-36-84     55-06-o5-10     2*60 

B  3V-06-36-94  54-94  

C  37-26  

1:2  Ammonium-Lead  Bromide^  NH^Ph^Br^ : — On  slightly 
diluting  solutions  from  which  the  preceding  salt  would  be 
deposited,  this  salt  is  obtained.  Repeated  trials  were  made  to 
obtain  a  1 : 1  salt  intermediate  between  the  two,  but  these  were 
without  success.  The  salt  forms  square  plates,  often  several 
millimeters  in  diameter.  The  crystals  darken  somewhat  on  ex- 
posure to  light,  but  they  do  not  lose  their  luster  on  drying,  and 
are  evidently  originally  anhydrous.  The  compound  is  formed 
under  rather  wide  limits  of  conditions.  A  single  sample  was 
analyzed. 

Calculated  for 
Found.  NH4PbaBrft 

Ammonium 2-17-  217  2*16 

Lead 49-26-49-12  49*76 

Bromine 48-28-48-22  48*08 

1:1  Ammsnium-Lead  Iodide^  NHJPhl^,2H.^0 : — This  was 
the  only  double  iodide  obtained,  although  a  thorough  search 
was  made  for  other  salts.  It  forms  hair-like  crystals  of  a  pale 
yellow  color.  Sample  A  was  made  by  disssolving  100^  of 
NHJ  and  10«  of  Pbl,  in  sufficient  hot  water  to  make  a 
volume  of  108%  and  cooling.  Sample  B  was  obtained  by 
slightly  diluting  the  solution  which  gave  A.  It  was  noticed 
that,  where  lead  iodide  was  deposited  from  a  moderately  con- 
centrated hot  solution  of  ammonium  iodide,  the  lead  iodide 
disappeared  on  cooling  and  in  its  place  was  formed  a  compact, 
silky  mass  of  crystals.  Sample  C  was  such  a  crop  as  just 
described,  -which  was  carefully  separated  from  the  usual  form 
of  the  double  salt  which  formed  above  in  the  solution. 

Calculated  for 
A  B  C        NH4Pbl8.2HaO 

Ammonium  .  2-40-  2-25  2-97-  2*97        2*80 

Lead 31-08-31 -46  3 1-36-3 1*20  31*76  32*24 

Iodine 59*76-59-70  59-85-59-75  62*45  59*36 

Water 5-60  5*65               5*60 

On  Andrews  Products, 

Andr^  prepared  some  of  his  most  complicated  products,  such 
as  2PbC],.18NH,C1.3H,0  and  4PbCl,,22NH,C1.7H,0,  by  dis- 
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solving  lead  chloride  in  ammonium  chloride  solutions  and  by 
the  use  of  the  corresponding  bromides.  On  repeating  his  ex- 
periments with  the  bromides,  we  have  not  observed  anything 
which  did  not  correspond  to  the  salts  which  we  have  described, 
or  to  mixtures  of  these  with  ammonium  bromide.  He  de- 
scribes his  product  4PbCl,.22NH^C1.7H,0  as  an  abundant  pre- 
cipitate of  very  brilliant  plates  with  a  pearly  luster.  We  have 
often  observed  this  beautiful  precipitate,  but,  after  many 
attempts,  we  have  been  unable  to  determine  its  composition 
with  certainty.  It  apparently  forms  only  in  warm  solutions 
which  are  almost  saturated  with  ammonium  chloride.  The 
prismatic  salt  NH^PbjClj  is  usually  deposited  just  before  the 
plates  begin  to  form,  and  it  often  forms  with  them.  Large 
amounts  of  ammonium  chloride  often  crystallized  out  when 
attempts  were  made  to  separate  the  precipitate  from  the  mother- 
liquor.  This  happened  often  even  when  the  solution  with  the 
suspended  precipitate  was  poured  upon  a  large  mass  of  filter- 
paper,  so  as  to  soak  up  the  liquid  as  quickly  as  possible.  Such 
a  crop,  which  was  granular  and  showed  little  evidence  of  being 
composed  of  plates,  gave  30  50  per  cent  of  lead.  By  collecting 
the  precipitates,  in  the  manner  just  described,  at  an  earlier 
period  in  the  process  of  their  formation,  we  succeeded  in  obtain- 
ing crops  that  were  apparently  pure,  but  the  plates  were  so 
exceedingly  thin  and  small,  and  the  mother-liquor  was  so  con- 
centrated, that  we  had  little  confidence  in  the  purity  of  these 
products.  Two  such  crops  gave  51'13  and  53*69  per  cent  of 
lead.  The  formula  (NHjgPbCl^  requires  53*77,  and  it  is  pos- 
sible that  this  may  be  the  true  formula  for  the  substance.  It 
is  certain  that  these  two  pi'oducts  were  practically  free  from 
the  prismatic  salt  NH^Pb^Ulg,  so  that  it  can  be  positively  stated 
that  the  ratio  of  ammonium  to  lead  cannot  be  greater  than  2  : 1 
in  this  compound.  Andre's  formula  is,  therefore,  very  far  from 
correct.  He  must  have  analyzed  a  mixture  of  the  plates  with 
ammonium  chloride.  We  have  found  all  such  mixtures  to  be 
anhydrous  after  being  dried  in  the  air  for  a  short  time,  hence 
the  water  in  Andre's  formula  is  remarkable. 

A  number  of  attempts  were  made  to  obtain  the  compound 
in  a  purer  state  by  warming  the  solutions  and  by  diluting  them 
slightly,  after  the  precipitates  had  formed,  but  these  operations 
left  the  products  open  to  suspicion,  since  it  was  found  that 
further  dilution  completely  decomposed  the  plates.  Several 
erops,  made  in  this  way,  gave  59  01,  57*64,  53*69  and  57*80  per 
cent  of  lead,  which  is  an  insufficient  amount  for  the  1 : 1  anhy- 
drous salt,  requiring  624.  This  may  be  its  composition,  but 
it  is  possible  also  that  it  is  a  dimorphous  form  of  NH^PbjClj, 
for  the  plates,  in  being  square  with  diagonal  markings,  resemble 
the  salt  KPbaBr^  and  other  bromides  of  this  type.     The  unde- 
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termined  double  chloride  can  be  readily  prepared  by  dissolving 
160^  of  ammonium  chloride  and  25*  of  lead  chloride  in  suffi- 
cient boiling  water  to  make  a  volume  of  400*^%  and  allowing 
the  solutionto  cool  slowly.  The  compound  often  forms  in 
such  abundance  as  to  completely  fill  the  solution  with  a  loose 
mass  of  the  very  thin  plates. 

Andre's  other  method  of  preparing  his  products  was  by  dis- 
solving lead  monoxide  in  ammonium  chloride  and  bromide 
solutions.  He  describee  only  one  complicated  bromide, 
PbBrg.BNH^Br.HjO,  made  in  this  way.  We  have  made  a 
number  of  experiments  with  ammonium  bromide  and  lead  ox- 
ide without  obtaining  anything  but  our  own  salts  and  mixtures. 
Since  a  number  of  his  chlorides  were  made  by  dissolving  lead 
oxide  in  ammonium  chloride  solutions,  we  have  made  a  very 
careful  study  of  the  products  obtained  by  this  operation. 
Andre  sometimes  indicates  the  length  of  time  of  boiling  the 
ammonium  chloride  solution  with  lead  oxide,  but  is  uncertain 
how  rapidly  he  boiled  his  solutions.  We  have  therefore  made 
numerous  experiments  with  wide  variations  in  the  amount  of 
ammonia  boiled  off.  Among  the  various  products  that  we 
obtained,  including  the  salts  that  we  have  described,  we  fre- 
quently noticed  a  substance  that  appeared  to  be  new.  It  was 
deposited  after  the  solutions  had  become  cold  or  nearly  so, 
forming  brilliant  crystals,  apparently  nearly  cubic  in  form,  but 
so  much  rounded  as  to  have  no  distinct  faces.  These  crystals 
were  often  1  or  2"^'"  in  diameter.  They  formed  upon  the  bot- 
tom and  sides  of  the  beaker,  adhering  firmly  to  the  glass,  and 
their  quantity  was  sometimes  such  that  the  walls  of  the  vessel 
were  thickly  studded  with  them.  This  product  evidently  cor- 
responded with  one  of  Andrd's,  for  he  says  of  "  PbCla.lSNH^ 
CI.4H3O  "  that  it  is  a  very  hard  crystalline  deposit  adhering  to 
the  glass.  We  encountered  considerable  difficulties  in  obtain- 
ing the  substance  in  a  pure  condition,  for  it  was  inclined  to 
deposit  upon  other  things  that  had  previously  formed,  and  it 
adhered  to  them  as  well  as  to  the  glass.  The  first  crop  analy- 
zed (No.  1)  was  evidently  not  pure.  Two  other  crops  (2  and  3) 
appeared  better,  but  still  not  quite  pure.  At  least,  by  decanting 
a  solution  just  before  these  crystals  began  to  form,  we  obtained 
a  crop  (No.  4),  that  seemed  entirely  satisfactory.  The  follow- 
ing analyses  of  the  four  crops  were  made  : 

Ammonium.        Lead.         Chlorine. 

No.  1, 28-28  13-44  58-05  =  99-77 

No.  2, 6-51  

No.  3, 6-74           

No.  4, 1-08  

The  crystals  of  the  last  product  had  exactly  the  same  appear- 
ance as  the  others.     It  is  evident  that  lead  is  not  an  essential 
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constituent  of  the  substance,  and  that  the  substance  is  am- 
monium chloride  crystallized  in  an  unusual  form.  Analysis 
No.  1,  corresponds  to  PbCla.24NH^Cl.  This  is  not  far  from 
Andre's  formula  and  it  shows  what  he  probably  analyzed.  It 
is  to  be  noticed  that,  while  our  impure  ammonium  chloride 
was  practically  anhydrous,  Andr6  gives  a  considerable  amount 
of  water  in  his  formula.  It  seems  probable  that  he  did  not 
properly  dry  his  products  before  analyzing  them,  and,  more- 
over, he  evidently  determined  water  from  the  deficiencies  in 
his  analyses.  There  is  more  or  less  water  in  every  one  of  his 
formulae. 

Since  it  was  evident  that  Andre's  operation  of  boiling  am- 
monium chloride  solutions  with  lead  oxide  could  be  imitated, 
with  possibilities  for  greater  variations,  by  adding  ammonia  to 
solutions  of  lead  chloride  in  ammonium  chloride,  we  have  car- 
ried out  a  series  of  experiments  on  that  plan.  No  indications 
of  the  existence  of  any  of  Andre's  complicated  compounds 
were  obtained  in  this  way,  but,  besides  the  form  of  ammonium 
chloride  that  adheres  to  the  glass,  a  peculiar  modification  of  it 
in  the  form  of  large,  transparent  pointed  crystals  with  no  dis- 
tinct faces  was  observed.  A  sample  of  these  contained  3*23 
per  cent  of  lead.  When  much  ammonia  was  used  in  these 
experiments,  an  oxychloride  of  lead  was  obtained.  A  pure 
product  of  this  was  prepared  by  saturating  a  cold-saturated  solu- 
tion of  ammonium  chloride  with  lead  chloride  while  boiling, 
then  adding  an  equal  volume  of  the  cold-saturated  ammonium 
chloride  solution  and  finally  adding  a  large  excess  of  ammonia. 
A  precipitate  was  formed  and  re  dissolved  by  the  ammonia. 
The  oxychloride  was  deposited  on  cooling,  in  the  form  of  small, 
blade-like,  transparent  crystals.  Analysis  showed  that  it  was 
the  compound  PbClOH. 

Calculated  for 
Found.  PbClOH. 

Lead 79-17  79-77 

Chlorine U-06  13-68 

Oxygen [2-72]  3-08 

Water 4-05  3-47 

This  compound  has  long  been  well  known,  having  been  used 
as  a  white  pigment.  It  is  worthy  of  remark  that  Andr^  re- 
described  this  body  correctly  in  one  of  his  papers  that  has 
already  been  referred  to.^  He  made  it  by  neating  a  small 
quantity  of  "PbCl,.6]SrH,Cl.H,0  "  with  water  in  a  sealed  tube. 
It  is  evident  that  such  a  product  could  not  have  been  produced 
if  the  chlorides  had  not  contained  some  basic  substance. 

*BuU.  Soc.  Chim.,  II,  xl,  15,  (1883). 
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Mcperiments  with  Ammonium  Choride  and  Lead  Iodide, 

.  Poggiale*  and  Volkelf  have  each  described  a  mixed  double 
halide  of  ammonium  and  lead,  neither  of  which  agrees  with 
the  types  of  unmixed  halides  which  we  have  described  in  this 
article.  Poggiale's  formula  is  PbI,.4NH^C1.2H,0,  while 
Volkel's  is  Pblj.SNH.Cl.  It  is  evident  that  the  two  investi- 
gators obtained  the  same  compound,  for  both  made  their 
products  in  essentially  the  same  way,  and  both  describe  them 
as  occurring  in  the  form  of  silky  needles.  We  have  repeated 
the  experiment  of  dissolving  lead  iodide  in  ammonium  chloride 
solutions  and  have  readily  obtained  the  silky  crystals.  The 
product  resembles  exactly  the  salt  NH^Pbl3.2HjO,  except  that 
it  is  considerably  paler  in  color  than  the  latter.  An  analysis 
of  2l  pure  product,  carefully  dried  by  pressing  with  paper, 
showed  that  the  formulae  of  both  Poggiale  and  Volkel  are  in- 
correct, and  that  their  products  must  have  been  contaminated 
with  ammonium  chloride.  The  salt  corresponds  in  type  to  our 
double  iodide.  It  loses  one  molecule  of  water  on  exposure  to 
the  air  for  two  or  three  days,  becoming  much  darker  in  color ; 
the  second  molecule  of  water  goes  off  at  100°. 

Calculated  for 
Found.  NH4Cl.PbI2.2H2O. 

Ammonium.-  3-33  3'2'7 

Lead 34-83-34-68  37*60 

Chlorine 5-11-  5-10  6-45 

Iodine 61-08-60-94  46-14 

Water 6-35  6-54 

The  analysis  indicates  that  the  lead  iodide  and  ammonium 
chloride  do  not  combine  quite  unchanged,  and  that  the  formula 
NH^Pb(Cl,I),.2H30  possibly  expresses  the  composition  of  the 
product  better  than  the  one  given  above.  In  the  course  of  our 
experiments  with  ammonium  chloride  and  lead  iodide,  we 
obtained  a  crop  of  crystals  which  showed  an  almost  complete 
replacement  of  the  iodine  by  chlorine.  The  salt  was  a  1 : 2 
compound,  a  type  which  apparently  does  not  exist  among  the 
double  iodides  of  lead.     It  gave  the  following  analysis : 

Calculated  for 
Found.  NH^PbaCU 

Ammonium 2*95 

Lead 66*82  67*93 

Chlorine 28*76  29*12 

Iodine 1*44 

The  view  that  certain  mixed  lead  double  halides  are  to  be 
considered  as  variable  mixtures  of  two  isomorphous,  unmixed 

*  Compt.  Bend.,  xx,  1180.  t  ^ogg.  Ann.,  Ixli,  252. 
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double  halides  was  arrived  at  by  Wells  and  Wheeler*  from  ex- 

Eeriments  with  caesium  chloride  and  lead  bromide.  Hertyf 
as  more  recently  arrived  at  the  same  conclusion  from  his 
investigation  of  the  mixed  double  bromide  and  iodide  of  potas- 
sium and  lead.  It  is  not  safe  to  conclude,  however,  because 
definite  mixed  double  halides  do  not  occur  in  some  cases,  that 
they  are  never  formed.  It  is  certain  that  there  is  a  tendency 
toward  the  formation  of  such  definite  compounds  in  many  cases. 
For  example,  it  is  to  be  noticed  that  in  the  above  analysis  of 
NH^ClPbl,.  211,0  there  is  only  a  slight  variation  from  the 
composition  required  by  the  formula,  while,  from  a  solution  of 
the  same  ingredients,  another  type  of  salt  was  deposited  which 
was  almost  free  from  iodine.  The  compound  Cs,HgCl,I„:(: 
described  by  one  of  us,  is  evidently  a  definite  mixed  double 
halide  which  is  not  intermediate  in  its  properties  between  the 
corresponding  chloride  and  iodide,  and  which  has  a  constant 
composition.  A  number  of  other  caesium-mercuric  halides 
were  described,  which  approached  a  constant  composition  when 
made  under  varying  conditions. 

Sheffield  Scientific  School,  March,  1893. 


Art.  IV. — On  the  Mubidhini'Lead  Halides^  and  a  Summary 
of  the  Dovhle  Halides  of  Lead;  by  H.  L.  Wells. 

The  caesium-lead  and  potassium -lead  halides  have  already 
been  studied  in  this  laboratory,  and  an  account  of  the  ammo- 
nium compounds  is  ^iven  in  the  preceding  article.  It  has 
therefore  seemed  desirable  to  make  an  investigation  of  the 
rubidium  salts  in  order  to  make  the  work  more  complete. 

2:1  Rubidium-Lead  Chloride^  2R\PhCl^.H^0 : — This  was 
formed  by  dissolving  lead  chloride  in  a  solution  of  rubidium 
chloride  which  was  so  concentrated  as  to  be  almost  saturated 
when  cold.  It  forms  colorless,  transparent,  slender,  flat  prisms 
which  retain  their  luster  on  exposure  to  the  air.  Two  sepa- 
rate crops  were  analyzed. 

Calculated  for 
Found.  2Rb2PbCl4.H20 

Rubidium 29-63  29-85  32-39 

Lead 41*41  41-75  39-20 

Chlorine 2673  2684  26-90 

Water 2*29  2*01  1-51 


100-06    100-45        100-00 

*Thi8  Journal,  Ixv,  129.  f  ^^'  Chem.  Jour.,  xv,  81. 

X  This  Journal,  xliv,  232. 
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The  amount  of  water  in  the  salt  seems  somewhat  uncertain, 
but,  since  there  was  no  evidence  of  loss  of  water  by  efflores- 
cence and  since  the  salt,  was  simply  air-dried  without  being 
pulverized,  the  above  formula  is  preferred  to  EbaPbCl^.HjO 
which  requires  2*99  per  cent  of  water.  The  water  was  deter- 
mined by  heating  to  about  200° ;  at  100°  the  salt  lost  only 
about  one  quarter  of  its  water  in  twelve  hours. 

1:2  Rubidium-Lead  Chloride^  RhPhJJl^: — This  compound 
forms  small,  prismatic  crystals  which  are  usually  grouped  side 
by  side  in  nearly  parallel  position.  It  is  produced  from  solu- 
tions which  are  more  dilute  than  those  from  which  the  pre- 
ceding salt  is  prepared,  and  it  is  formed  under  rather  wide 
limits  of  conditions.  Two  separate  crops  gave  the  following 
analyses : 

Calculated  for 
Found.  RbPbaClft 

Rubidium 13-09         12-68  12-63 

Lead 60-57         61-05  61*15 

Chlorine 26-19         26-29  26-22 


99-85        100-02  100-00 

^2:1  RuUdium-Lead  Bromide,  3R\PbBi\.Lr^0  :—Thh 
salt  resembles  the  corresponding  chloride,  both  in  its  formation 
and  appearance.     Two  crops  gave  the  following  analyses : 

Calculated  for 
Found.  2RbaPbBr4.HaO 

Rubidium.-: 23-17  22-73  24-19 

Lead 30-29  30-81  29-29 

Chlorine 4504  45-26 

Water.. 1-55  1-51  1-27 


100-09  100-00 

1:2  Rubidium-Lead  Bromide,  RbPb^Br^ : — This  forms 
square  plates.  It  is  readily  prepared  since  it  is  formed  under 
considerable  variations  of  conditions. 

Calculated  for 
Found.  RbPbaBrfi 

Rubidium 9-81  9-50 

Lead 46-74  46-03 

Bromine 44-62  44-47 


100-17  100-00 


1:1  RubidiumrLead  Iodide,  RbPbl^.^Hfi : — This  is  the 
only  double  iodide  that  could  be  produced  under  widely  vary- 
ing conditions.     It  forms  v^r-^  slender,   hair-like  prisms  of  a 
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pale  yellow  color.  It  rapidly  loses  its  water  when  e^osed  to 
the  air,  undergoing  a  remarkable  change  of  color.  The  pale 
yellow  compound  quickly  assumes  an  orange  color,  then  the 
color  becomes  almost  like  that  of  the  original  salt.  It  is  evi- 
dent that  the  salt,  which  contains  two  molecules  of  water, 
loses  a  part  of  this,  probably  one  molecule,  with  change  of 
color  to  orange ;  then  the  remainder  of  the  water  is  lost  with 
another  change  of  color.  It  is  interesting  to  notice,  in  this 
connection,  that  the  salt  NH^PbClIa.2H,0  undergoes  a  similar 
change  of  color,  as  far  as  the  first  step  is  concerned,  on  losing 
one  molecule  of  water  when  it  is  exposed  to  the  air,  but  this 
salt  does  not  lose  its  second  molecule  at  ordinary  temperatures. 
A  sample  of  the  rubidium-lead  iodide  was  rapidly  pressed  on 
paper  until  some  of  the  particles  began  to  snow  a  change  of 
color  to  orange.  Water  was  determined  in  this  sample  from 
the  loss  at  100''. 

Calculated  for 
Found.  RbPbI,.2H80 

Water (5-09  b'Ol 

An  air-dry  sample  gave  the  following  analysis : 

Found.  Calculated. 

Rubidium 13-29  12-70 

Lead 28-95  30-73 

Iodine 56-80  66-57 


9904  100-00 


Summary, 

The  following  table  gives  a  list  of  the  lead  double  halides 
which  have  been  prepared  in  this  laboratory.  All  of  them 
were  new  compounds  except  KPbBrj.HjO  and  KPbI,.2H,0, 
these  having  been  previously  described  by  Eemsen  and  Herty. 

i:l  2:1  1:1       '        1:2 

Cs^PbCl.            ....  CsPbCl,        CsPb^Cl, 

Cs.PbBr CsPbBr.        CsPkBr. 


CsPbl. 


a  —  6 


2Rb,PbCl..H,0  ....  RbPb.Cl. 

2Rb,PbBi- .H,0  ....  RbPb,Br. 

RbPbI,.2H,0 

3KPbCl,.H,0    KPb.Cl. 
K,PbBr  .H.O      3KPbBr,.H,0  KPb.Bi- 

KPbBr,.H,0 
KPbI,.2H,0 
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3NH,PbCL.HO  NH,Pb,Cl. 
....  (NHJ,PbBr.H,0  . . . ,  NH.Pb.Br 

NH,PbI,.2H,0 
NH,PbClI,.2H,0     .... 

An  inspection  of  the  table  shows  that  the  csesiura  salts  differ 
from  the  others  in  including  the  4 :  I  type  and  in  being  with- 
out any  2 : 1  salts.  It  is  quite  probable  that  we  have  not  suc- 
ceeded in  preparing  all  the  salts  that  are  possible,  but  it  seems 
certain  that  the  4 : 1  rubidium,  potassium  and  ammonium  salts 
cannot  be  made  on  account  of  the  comparative  insolubility  of 
the  simple  halides.  The  caesium  salts  also  differ  from  the 
others  in  being  all  anhydrous.  The  hydrous  rubidium  salts 
have  less  water  or  lose  it  more  readily  than  the  potassium  com- 
pounds. KPbI,.2H,0  is  stable  in  the  air,  but  KbPbI,.2H,0 
loses  its  water  readily.  There  is  evidently  a  gradation,  in  affin^ 
ity  for  water,  from  the  caesium  to  the  potassium  compounds. 
A  gradation  in  water,  from  the  chloride  to  the  iodide,  appar- 
ently exists  in  the  potassium  and  ammonium  compounds  of  the 
1 : 1  type.  That  such  gradations  in  water  exist  among  the 
double  halides,  increasing  with  the  atomic  weight  of  the  halo- 

fens  and  decreasing  with  the  atomic  weight  of  the  alkali  metals, 
as  already  been  observed  by  Remsen.* 

The  simplicity  of  the  ratios  in  the  four  types  of  double  hal- 
ides of  lead  is  noticeable.  The  4 : 1  type,  according  to  Werner's 
remarkable  theory,t  may  be  considered  as  the  ideal  type  of  a 
double  halide  of  an  alkali-metal  and  a  bivalent  metal,  and  as 
the  limit  beyond  which  the  ratios  of  alkali-metal  to  lead  can- 
not go.  The  type  is  represented,  as  Werner  mentions,  by 
numerous  double  cyanides  of  bivalent  metals,  such  as  K^Fe 
(CN).  and  by  other  salts,  such  as  K^CdCl,. 

The  number  of  2 :  I  lead  salts  that  we  have  prepared  is 
rather  small,  but  this  is  a  very  common  type  among  the  known 
double  halides  of  the  other  bivalent  metals. 

The  number  of  1 :  I  lead  salts  is  the  largest  of  all.  It  is 
remarkable  that  all  the  double  iodides  belong  to  this  type. 
This  is  also  a  well  known  type  of  bivalent  metal  double  halides. 
It  is  noticeable  that  the  salt  CsPbBr,  is  dimorphous,  while  three 
mercuric  salts  of  the  same  type,^  CsHgClj,  CsHgBr,  and 
CsHgClBr,  are  also  dimorphous. 

The  1 :  2  salts  are  all  anhydrous,  and  a  chloride  and  bromide 
were  prepared  with  each  of  the  alkali-metals  and  with  am- 
monium. They  are  formed  under  wide  limits  of  conditions 
and  are  therefore  very  easily  prepared.  It  is  noticeable  that 
the  rubidium,  potassium  and  ammonium  chlorides  of  this  type 

*  Am.  Chem.  Jour.,  xiv.  88.  f  Zeitschr.  anorgan.  Chem.,  iii,  281. 

X  This  Journal,  xliv,  222. 


38  Durnhle  and  Harris — Galveston  Deep  Well. 

all  crystallize  in  prisms,  while  all  the  bromides  and  the  chloride 
containing  caesium  crystallize  in  plates.  A  number  of  other 
double  halides  of  this  types  are  known,  especially  among  the 
mercuric  compounds.  Herty  has  evidently  prepared  a  potas- 
sium-lead double  halide  of  the  1:2  type  containing  bromine 
and  iodine,  although  he  interprets  his  results  in  an  entirely  dif- 
ferent way.  In  a  recent  article*  he  describes  some  tabular 
crystals  of  an  olive  green  color  which  he  has  selected  and 
analyzed  with  evident  care  and  skill.  He  gives  the  following 
analyses  of  three  separate  products  : 

Pb  I 

p.  95,  D  44-89  I'Z-ei 

p.  95,  E  45-42  14-94 

p.  104,  43-87  22-20 

The    following    ratios    may    be 
analyses  : 

Pb.         : 

p.  95,  D  2- 

p.  95,  E  2- 

p.  104,  2- 

The  ratio  required  for  the  formula  KPba(Br,I),  is  Pb:  1+ 
Br :  K  —  2  :  5 : 1  and  the  agreement  is  so  close  that  there  can  be 
no  doubt  that  this  is  the  formula.  Although  no  pure  iodide 
of  this  type  has  been  produced,  it  is  interesting  to  notice  that 
Herty's  compound  shows  that  the  potassium  salt  is  capable  of 
existence  when  mixed  with  a  relatively  large  amount  of  the 
bromide. 

Sheffield  Scientific  School,  March,  1893. 


Br 

K 

32-59 

4-56  =  99-65 

34-72 

4-50  =  99-58 

2903 

4-43  —  99-53 

derived 

from    the   al 

I  +  Br 

K 

5-01 

1-07 

5-15 

108 

5-08 

1-08 

Art.    y. — The    Galveston  Deep    Well;    by  E.   T.   Dumble 

and  G.  D.  Harris. 

2'he  ISection.^E,  T,  Dumble. 

The  City  of  Galveston,  Texas,  desiring  to  secure  fresh  water 
on  the  island,  if  possible,  rather  than  go  to  the  mainland  for  it, 
and  having  failed  to  do  so  at  moderate  depths,  decided  to  sink 
a  well  to  the  depth  of  three  thousand  feet  unless  suitable 
water  was  found  before  going  so  far.  I  therefore  detailed  Mr. 
J.  A.  Singley  to  watch  the  boring  and  to  secure  all  the  infor- 
mation possible  from  it. 

Work  began  in  April,  1891,  and  continued  with  various 
interruptions  and  delays  until  August,  1892.     The  method  used 

*Am.  Chera.  Jour.,  xv,  pp.  94,  95,  97-99,  103,  104  (Feb.  1893) 
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— that  of  revolving  and  jetting  by  Chapman  Bros.,  Aurora, 
Illinois — is  fully  described  by  Mr.  Byrnes,  the  contractor,  in 
the  Engineering  News,  August  11th,  1892. 
The  piping  of  the  finished  well  is  as  follows  : 

16  in 868  feet 868  feet. 

12  in 629  feet 1499  feet. 

9  in 866  feet 2363  feet. 

8  in.  - 75  feet... 2438  feet. 

7  in 162  feet 2600  feet. 

5  in. 470  feet ' 3070  feet. 

Many  hundreds  of  samples  were  taken  at  the  mouth  of  the 
well  throughout  the  work  and  those  necessary  to  show  the 
character  and  variations  of  the  several  beds  that  were  pene- 
trated together  with  all  the  fossils  collected  were  carefully 
preserved  and  are  now  in  the  collections  of  the  Geological 
Survey  of  Texas. 

Mr.  Singley's  section,  made  after  a  critical  study  of  the 
specimens  taken  by  him  from  the  well,  differs  a  little  from  the 
log  of  the  well-borers  as  given  by  Mr.  Byrnes  in  the  article 
referred  to  and  by  Prof.  Hill  in  this  Journal  for  November, 
1892.*  Therefore,  although  a  part  of  it  has  already  been  pub- 
lishedjt  the  entire  section  is  given  in  a  condensed  form. 

Nos.  T'kn's.     D'pth 

1.  Buffy  gray  sand 46-     46 

2-  3.  Clay  brown    and   mottled,  calcareous   concre- 
tions, etc 54-  100 

4-  5.  Sandy  clay  underlaid  by  fine  gray  sand 67-  167 

6-10.  Alternations  of  clays  and  sands  containing  shells 

and  fragments  of  lignite 291-  458 

11-15.  Clayey  sands  and  sandy  clays  with  some  mica.  154-  612 

16-18.  Sandy  clays  with  shell  fragments 94-  706 

19-21.  Sand  and  clayey  sand 121-  827 

22.  Coarse  silvery-gray  sand — waterbearing 55-  882 

23-25.  Sandy  clay  with  lignite  and  few  shells 29-  911 

26.  Indurated  coarse  gray  quartz  sand 3-  914 

27-28.  Sand  and  clayey  sand,  micaceous 118-1032 

29.  Sandy  clay 228-1260 

30.  Coarse  gray  quartz  sand — water  bearing 28-1288 

31-32.  Clay  and  sandy  clay 42-1380 

33.  Coarse  gray  quartz  sand — water  bearing 10-1340 

34-36.  Clays    44-1384 

37.  Coarse  gray  sand 9-1393 

38-40.  Sandy  clays,  variously  colored 55-1448 

41-43.  Sand,  sandy  clay  and  clay 45-1493 

*  The  deep  Artesian  Boring  at  Galveston.  Texas,  p.  426. 
f  Geological  Survey  of  Texas,  Second  Report  of  Progress,   Artesian  "Water  by 
J.  A.  Singley,  p.  78. 
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No8.  T*kn'8.    D* 

44.  Greenish  gray  sand,  micaceous — water  bearing  18-1511 
45-47.  Laminated  clays  with  pebbles,  etc.,  and  clayey 

sand  243 243-1754 

48.  Cream  colored,  gritty,  calcareous  conglomerate  4-1758 

49-53.  Alternations  of  sand  and  sandy  clays 118-1876 

54-57.  Ditto  with  lignite,  calcareous  concretions,  etc.  184-2060 

58-59.  Sandy  clay  and  clayey  sand 37-2097 

60-61.  Laminated  clay,  micaceous  sand 66-2158 

62-63.  Greenish  clay,  indurated  gray  sand 67-2220 

64.  Dark    clay   with    lignite,   fruits,    corals,  fish 

remains,  terrestrial  and  fluviatile  shells...  29-2249 

65-70.  Clayey  saud 8,  shell  conglomerate  and  sand 96-2345 

7 1 .  Coarse  gray  sand — water  bearing 32-23 7 V 

72-75.  Clays  with  pyrites,  lignite,  fish   remains  and 

shells 55-2432 

76.  Buff  sand— rwater  bearing 1 1-2443 

77.  Mottled  clay,  lignite,  fish  remains  and  shells..  8-2451 

78.  Lignite 2-2453 

79.  Clay,  vegetable  and  animal  remains 23-2476 

80-83.  Sand,  micaceous  in  places — water  bearing 76-2552 

84-87.  Alternations  of  clay  and  sand 85-2637 

88-89.  Sandy  clay  and  clayey  sand,  fossiliferous 80-2717 

90.  Greenish  clay,  vegetable  and  animal  remains  .      166-2883 

91.  Gray  sand — waterbearing. 37-2920 

92-93.  Clayey  sand  and  sandy  clay 106-3025 

94.  Sandy  clay,  micaceous 22-3047 

95.  Coarse  gray  sand— water  bearing 23-3070 

The  water  found  in  this  lowest  bed,  although  apparently 
less  saline  than  that  above  it,  was  not  suitable  for  general  use. 

While  the  method  of  boring  employed  was  not  tne  best  for 
keeping  the  fossils  of  each  stratum  entirely  separated  from 
those  below  it,  yet  the  anchoring  of  the  different  sizes  of  pipe 
at  the  depths  given  has  acted  as  a  partial  safeguard  against  tne 
commingling  of  the  faunas  of  those  different  zones. 

The  fossils  secured  by  the  untiring  watchfulness  of  Mr. 
Singley  were  numerous  and  varied,  comprising  many  parts  of 
plants,  fruits,  a  pine  cone,  etc.,  fish  remains  and  a  large  number 
of  invertebrate  forms.  The  shells  were  turned  over  to  Mr. 
Gilbert  D.  Harris  for  examination,  and  his  preliminary  report 
is  given  herewith. 

The  results  of  the  investigation  add  a  most  important  chapter 
to  our  knowledge  of  the  history  of  the  formation  of  the  Gulf 
coast,  and  furnish  a  section  for  reference  and  comparison  which 
could  have  been  obtained  in  no  other  way. 

The  thickness  of  the  different  members  of  the  series  as 
stated  bv  Mr.  Harris  indicates  either  a  greater  dip  than  we 
have  hitherto  supposed  to  be  the  case  in  these  deposits  or  else 
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%  greater  thickening  toward  the  Gulf.  Even  at  the  depth 
attained  the  drill  has  not  yet  penetrated  the  sandstones,  clays 
Etnd  browncoals  of  the  !]f*ayette  Beds  as  shown  at  the  typical 
localities  in  Fayette  county,  bat  is  still  in  the  sands  and  limy 
clays  which  overlie  them. 

Although  the  landward  extension  of  these  beds  may  come 
today  somewhere  in  the  area  of  the  Gulf  slope  our  investiga- 
tions have,  up  to  this  time,  failed  to  bring  to  light  any  locali- 
ties which  furnish  marine  invertebrates  of  an  age  later  than 
the  Claiborne.  So  far  all  the  fossils  found  above  that  horizon 
are  in  fresh  water  deposits  of  Miocene,  Pliocene,  and  Pleisto- 
cene age,  and  consist  entirely  of  vertebrates. 

The  Paleontology/. —  Oilbtrt  D.  Harris, 

The  conclusions  drawn  from  a  study  of  the  molluscan 
remains*  obtained  from  this  well,  may  be  summarized  as  fol- 
lows : 

1.  Of  the  11  species  obtained  from  samples  numbered  from 
1  to  10  inclusive,  all,  except  anew  form  of  Eriphyla^  are  recent 
and  well  known.  In  all  probability  therefore  the  strata  passed 
through  between  depths  ranging  from  0  to  450  feet  must  be 
referred  to  a  post-Tertiary  or  Pleistocene  epoch.  The  small 
Eripkyla  will  probably  be  found  recent  on  the  Gulf  shore. 

2.  The  fauna  is  so  sparse  between  numbers  10  and  61  in- 
clusive that  it  is  unsafe  to  attempt  to  state  just  where  in  the 
upper  Tertiary  it  should  be  placed.  In  fact  beds  included 
between  depths  450  and  1500  may  not  be  Tertiary  at  all  but 
Pleistocene.  The  undescribed,  and  probably  for  the  most  part 
extinct  species  occurring  from  depths  1500  to  2150  feet  show 
conclusively  that  these  beds  are  Tertiary. 

3.  The  fossils  obtained  from  samples  numberd  61  to  91 
inclusive  show  that  this  part  of  the  well  section  must  be  refer- 
red to  the  Miocene  series.  Moreover,  it  is  quite  evident  that 
upon  the  whole  the  fauna  represented  is  that  of  the  upper 
rather  than  the  lower  Miocene.  Out  of  about  72  species,  26 
are  still  living  on  the  Atlantic  or  Gulf  coast  of  the  United 
States,  while  6  more  survive  only  in  the  Pacific.  Of  the  36 
new  or  doubtful  forms  probably  the  great  majority  are  extinct, 
though  it  is  unsafe  to  predict  what  will  yet  be  found  in  the 
Gulf  of  Mexico.  Area  Carolinensis^  Turritella  suhgrundifei^a 
var.  Chione^  sp.  nov.  of  west  Florida  Miocene,  Terehra^  n.  sp.  of 
west  Florida  Miocene  and  Natioa  eminuloides  of  the  West 
Indian  Miocene  may  be  regarded  as  characteristic  species,  leav- 
ing no  doubt,  when   taken  in  connection   with  the  foregoing 

♦For  a  full  account  of  the  species  obtained  see  Geol.  Surv.  Tex.,  4th  Annual 
Report. 
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facts  that  this  portion  of  the  well  section  belongs  to  the  Mio>  |i^ 
cene  series,  and  in  all  probability  to  the  npper  part  of  the 
same. 

The  above  conclnsions  may  be  stated  diagram matically  as 
follows : 

Sample  Nos.  Depth  in  feet.  Greological  horizons. 

1-10.    _    ...  46-  458 Plei:*tocene. 

10-44 458-1511 Doubtful. 

44-61 1511-2153  Upper  Tertiary. 

61-91 2153-2920 Miocene  (Upper) 

Probably  some  of  the  strata  between  the  depths  of  458  and 
2153  feet  were  deposited  in  Pliocene  times,  but  not  a  trace 
of  a  species  characterizing  that  series  has  been  found. 


Art.  YI. — On  the  lodoinetric  Detennhiatwn  of  the  Nitrates ] 

by  HiPPOLYTE  Grcener. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XXIV.] 

De  Koninck  and  Nihoul*  describe  a  method  for  the  iodo- 
metric  determination  of  nitrates,  in  which  the  decomposition 
of  the  nitrates  is  effected  by  the  action  of  gaseous  hydrochloric* 
acid,  the  gases  evolved  being  passed  into  potassium  iodide ;  but 
the  method  is  a  cumbersome  one  In  a  former  paperf  by 
Professor  Gooch  and  myself  a  method  was  described  accord- 
ing to  which  nitrates  were  decomposed  successfully  and  easily 
by  a  solution  of  manganous  chloride  in  hydrochloric  acid,  the 
products  of  decomposition  being  passed  into  potassium  iodide, 
and  the  liberated  iodine  titrated  with  sodium  thiosulphate. 
The  ease  with  which  hydriodic  acid  has  been  applied  m  this 
laboratory  as  a  reducing  agent  in  the  determination  of  arsenic, 
chloric  and  antimonic  acids:|:  has  suggested  its  application  for 
the  same  end  to  nitric  acid,  and  the  present  paper  is  the 
account  of  attempts  in  this  direction. 

The  Action  of  Phosphoric  Acid  and  Potassium  Iodide 
upon  Nitrates. — The  decomposition  of  the  last  traces  of  nitrates 
in  presence  of  potassium  iodide  and  sulphuric  acid  does  not 
occur  except  at  very  great  concentrations,  and,  as  at  great  con- 
centrations sulphuric  acid  in  presence  of  hydriodic  acid  itself 
liberates  iodine,  the  use  of  sirupy  phosphoric  acid  to  bring 
about  the  required  decomposition  naturally  suggested  itself 
Various  attempts  to  simplify  the  process  while  still  registering 

*Zeitschr.  f.  angewandte  Chemie.  1890,  p.  477. 

\  This  Journal,  vol.  xliv,  p.  117. 

X  This  Journal,  vol.  xl.  p.  G6  ;  vol.  xlii,  p   220  ;  vol.  xlii,  p.  213. 
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the  amount  of  reduction  by  arsenic  acid  in  the  residue  proved 
f atile,  and  a  distilling  apparatus  was  found  to  be  necessary. 
For  this  purpose  a  small  retort  was  used,  the  neck  of  which 
■was  bent  downward  about  two  inches  from  the  body,  so  that 
the  retort  itself  might  be  tipped  backward,  allowing  the  unbent 

f)ortion  of  the  retort  to  run  upward,  thus  guarding  against 
OSS  from  spattering.  Into  the  tubulature  of  the  retort  was 
f;round  a  glass  tube  drawn  out  at  both  ends  to  serve  as  a  per- 
orated stopper  for  the  entrance  of  carbon  dioxide.  The  neck 
was  passed  through  a  rubber  stopper  into  a  side-neck  Erlen- 
meyer  flask,  the  exit  tube  of  which  was  prolonged  and  dropped 
into  a  side  neck  test  tube  used  as  a  trap.  Tlie  retort  was 
covered  with  a  simply  contrived  hood  which  kept  the  upper 
parts  warm  and  prevented  the  iodine  from  settling  anywhere. 
In  the  retort  was  placed  the  nitrate  with  an  excess  of  potas- 
sium iodide,  and  in  the  receiver  a  known  amount  of  decinor- 
mal  solution  of  arsenious  oxide  strongly  alkaline  with  hydro- 
gen sodium  carbonate  and  diluted  to  a  convenient  bulk.  The 
trap  contained  nothing  but  water.  The  phosphoiic  acid  used 
was  at  first  10  cm'  of  strong  acid,  specific  gravity  1*7,  with 
varying  amounts  of  water,  but  when  it  was  found  that  the 
amount  of  water  present  was  an  essential  feature,  a  definite 
mixture  was  used  as  designated  in  the  tables.  The  acid  was 
added  to  the  retort  last  of  all  and  after  carbon  dioxide  had 
been  passed  for  a  suflScient  length  of  time  heat  was  applied. 
The  carbon  dioxide  was  evolved  in  a  Bonn  generator  from 
materials  which  had  been  carefully  boiled,  and  cuprous  chlo- 
ride was  added  to  the  acid  in  the  generator  to  take  up  the 
oxygen  from  any  traces  of  air.  Between  the  introduction  of 
phosphoric  acid  into  the  retort  and  the  application  of  heat  a 
good  stream  of  gas  was  passed  for  ten  minutes,  at  the  end  of 
which  time  the  bubbles  escaping  at  the  last  trap  were  com- 
pletely absorbed  in  potassium  hydrate  of  the  requisite  strength. 

The  first  experiments  were  in  blank  with  no  nitrate  present. 
Upon  warming  the  mixture  of  phosphoric  acid  and  2  grm.  of  the 
iodide  signs  of  free  iodine  were  developed,  and  by  titration  of 
the  contents  of  the  receiver  at  the  end,  iodine  to  the  amount 
of  -0014  grm.  wf  s  found  to  have  been  liberated,  either  by  residual 
traces  of  air  or  by  dissociation.  The  experiment  was  re- 
peated, but  in  this  case  all  the  water  used  had  been  boiled 
immediately  before  the  experiment  and  here  iodine  to  the 
extent  of  -0009  gi-m.  only  was  found  to  have  been  liberated. 
The  cause  and  remedy  for  this  liberation  of  iodine  are  discussed 
presently.  A  series  of  experiments  was  performed  to  study 
tlie  action  of  the  reagents  when  nitrates  were  present. 

The  method  of  procedure  was  as  follows  :  The  nitrate  was 
taken  for  convenience  from  a  solution  of  5  grams  in  500  cm' 
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of  water.  The  iodide  was  introduced  dry  or  in  Bolution 
according  to  the  bulk  of  water  allowable.  This  mixture  was 
boiled  a  moment  to  drive  out  all  air,  the  phosphoric  acid  was 
then  added,  and  carbon  dioxide  was  passed  as  described,  the 
receiver  containing  the  arsenious  oxide  and  the  trap  bein? 
already  in  position.  It  had  been  found  that  all  but  a  trace  oi 
iodine  was  caught  in  the  first  receiver,  so  that  the  rubber  stop- 
per closing  it  could  do  no  harm.  When  large  amounts  of 
nitrate  were  used  the  clots  of  solid  iodine  settling  out  in  the 
receiver  were  dissolved  by  means  of  a  crystal  or  two  of  potas- 
sium iodide.  The  solution  in  the  retort  was  boiled  until  it 
was  clear  that  all  the  iodine  had  distilled  over,  and  usually 
until  the  boiling  in  the  retort  had  ceased.  It  was  found  advis- 
able to  empty  the  retort  so  soon  as  it  was  cool  enough,  else  the 
phosphoric  acid  became  unmanageable.  The  retort  after  each 
experiment  was  washed  out  with  ammonia  and  water. 

The  results  of  these  first  experiments  are  shown  in  Table  L 

Table  I. 


Water  added  to 

10  em'  of  phos- 

KNOs 

Kl 

phoric  acid, 

KJTOs 

Error  in 

Error  in 

taken. 

taken. 

sp.gr.  1-7. 

found. 

KXOs. 

HNO,. 

Series  1. 

grm. 

grm. 

cm^. 

grm. 

grm. 

grm. 

1 

00005 

-2 

2 

00009 

0-0004  + 

0-0002  + 

2 

00010 

•2 

2 

0-0012 

00002  + 

0  0001  + 

3 

00020 

•2 

2 

00021 

0-0001  + 

00001  + 

4 

0-0050 

•2 

2 

0-0055 

0-0005  + 

0  0003  + 

5 

0-0100 

•2 

2 

00093 

00007  ~ 

0  0004- 

6 

0-0100 

•2 

2 

00103 

0-0003  + 

00002  + 

7 

00200 

-3 

3 

0-0216 

0-0016  + 

0-0010  + 

8 

0  0200 

-3 

3 

00192 

00008- 

0-0005- 

9 

0-0200 

•3 

3 

00205 

0  0005  + 

0-0003  + 

10 

00200 

-3 

3 

0-0205 

0-0005  + 

0-0003  + 

11 

00500 

•5 

6 

0-0496 

00004- 

0-0002- 

12 

00500 

•5 

6 

0-0499 

0  0001  — 

0-0001- 

18 

00300 
Series  2. 

-5 

4 

0-0293 

0-0007- 

00004- 

14 

0-0616 

1-5 

1 

0-0682 

0-0066  + 

0-0039  + 

15 

0-0570 

2-5 

1 

00G43 

0-0073  + 

0-0045  + 

16 

01030 

1-1 

1 

0-1061 

0-0031  + 

0-0018  + 

17 

0-1062 

1-1 

1 

0-1197 

0-0135  + 

0-0081  + 

With  one  or  two  exceptions  the  results  of  Series  1  are  fairly 

food.  Those  of  Series  2  are  very  bad  The  only  essential 
ifEerence  between  the  two  series  is  in  the  dilution  of  the 
phosphoric  acid  used.  In  the  first  series  there  is  always 
enough  water  present  to  make  the  specific  gravity  of  the  phos- 
phoric acid  no  higher  than  1*6  for  small  amounts  of  iodide 
and  nitrate,  and  lower  than  that  number  when  these  amounts 
are  increased.     The  suggestion  is  obvious  that  dissociation  of 
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the  hydriodic  acid  may  occur  at  the  boiling  point  of  the 
stronger  acid.  According  to  Berthelot*  aqaeous  solutions  of 
hydnodic  acid  under  pressure  begin  to  dissociate  at  275®  or 
even  under.  The  temperature  of  the  retort  at  the  end  of  an 
experiment  was  taken  and  found  to  be  far  beyond  the  range  of 
a  tnermometer  reading  to  360°.  It  is  evident,  then,  that  under 
the  conditions  there  should  be  opportunity  for  dissociation. 
Four  experiments  in  which  potassium  iodide  was  treated  with 
phosphoric  acid,  specific  gravity  1*7,  undiluted,  gave  of  libe- 
rated iodine  caught  in  arsenious  acid  '0030  grm.  '0044  grm. 
•0049  grm.  -0030  grm.  of  iodine,  corresponding  to  '0008  grm. 
0012  grm.,  '0013  grm.,  -0008  grm.  of  potassium  nitrate  respec- 
tively. These  results  would  account  only  in  part  for  the 
errors  noted  but,  they  are  in  the  same  direction.  Chapmanf 
has  found  that  concentrated  hydriodic  acid  acting  upon  organic 
nitrates  and  nitrites  reduces  them  not  alone  to  nitric  oxide  but 
even  in  part  to  ammonia.  The  conditions  of  the  experiments 
in  Series  2  approximate  to  concentration  of  the  hydriodic  acid, 
and  the  reaction  that  Chapman  found  probably  takes  place  here 
to  a  limited  extent.  Concentration  of  the  hydriodic  acid  then 
must  be  avoided,  both  to  eliminate  dissociation  and  excessive 
reduction  of  the  nitrate. 

Therefore  the  plan  was  adopted  of  diluting  the  solution,  so  that 
the  temperature  and  concentration  should  be  effective  in  decom- 
posing the  nitrate,  but  should  not  bring  about  the  complications 
just  mentioned.  A  blank  experiment  made  thus,  18  cm'  of  a 
solution  of  phosphoric  acid  of  specific  gravity  1*39,  being  used, 
gave  of  liberated  iodine  only  '0004  grm.  corresponding  to  '0001 
grm.  of  potassium  nitrate.  So  that  under  these  conditions  we 
may  be  assured  that  dissociation  occurs  if  at  all  to  only  a  slight 
extent.  In  the  following  experiments,  therefore,  the  nitrate  is 
decomposed  in  presence  of  dilute  phosphoric  acid,  the  dilution 
and  the  quantity  taken  being  included  in  Table  II. 

The  iodine  of  41  was  collected  in  potassium  iodide  and  titra- 
ted with  thiosulphate.  Series  3  requires  little  special  comment. 
The  experiments  ran  along  smoothly,  the  manipulation  was 
easy,  the  care  required  in  watching  very  little  and  the  results 
are  fairly  satisfactory.  The  causes  leading  to  the  high  results 
of  Series  2  seem  entirely  eliminated  by  the  dilution.  Series  4 
is  a  direct  continuation  of  Series  3,  differing  in  the  single  point 
that  larger  amounts  of  nitrate  are  handled.  These  results  with 
some  exceptions  are  decidedly  low.  It  appears  that  with  a  fair 
percentage  of  water  present,  as  the  amounts  of  nitrate  grew 
larger,  the  error  became  a  negative  one.  The  explanation  for 
this  seemed  to  be  that  the  last  portions  of  nitric  acid  must  have 

*  Ann.  de  Chim.  et  Phys.,  (IV),  xx,  p.  392. 

f  Journ.  of  the  Chem.  Soc,  vol.  xx,  1867,  p.  166. 
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distilled  before  decomposition,  whenever  the  original  amount 
was  large.  Nitric  acid  was  accordingjly  tested  lor  in  the  dis- 
tillate, and  to  this  end  all  the  conditions  of  the  experiment 
were  repeated,  except  that  the  receiver  contained  only  water. 
Of  the  nitrate  04  grm.  and  of  the  iodide  4  grm.,  twice  the 
amount  theoretically  necessary  were  put  into  the  retort,  and  at 
the  end  of  the  experiment  the  solution  in  the  receiver  was 
boiled  with  hydrogen  peroxide  to  decompose  the  hydriodic 
acid  and  drive  out  the  iodine,  care  being  taken  to  keep  enough 
water  to  hold  any  nitric  acid  present.  When  all  the  iodine  was 
gone  sodium  carbonate  was  added,  the  solution  evaporated  and 
the  residue  ignited  and  tested  with  a  saturated  solution  of  man- 
ganous  chloride  in  hydrochloric  acid,  as  described  in  the  pre- 
vious paper  above  mentioned.  By  this  means  0*0002  grm. 
potassium  nitrate  are  very  easily  detected  in  10  cm'  of  solution. 
Nitric  acid  was  found  in  the  distillate  of  this  experiment  as  well 
as  in  two  others  conducted  with  0*2  grm.  and  0*1  grm.  of  the 
nitrate  respectively.  The  residues  in  the  retorts  of  these  three 
tests  showed  no  trace  of  nitric  acid. 


Table  II. 
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The  process  seems  reliable  enough,  then,  for  estimating 
trates  in  small  quantities  not  exceeding  an  equivalent  of  0*04 
m.  or  0*05  grm.  of  potassium  nitrate.  Every  experiment  per- 
rmed  with  quantities  not  larger  than  0  05  grm.  has  been  given 
jre,  except  four  in  which  an  imperfection  in  the  apparatus 
owed  an  obvious  mechanical  loss.  The  errors  in  these  ex- 
jriments  lie  between  the  extremes  of  0  0016  grm.  -f  and  00008 
■m.  —  on  the  nitrate,  with  an  average  error  of  O'OOOIG  grm.  If 
ries  3  alone  is  taken,  in  which  the  dilution  of  the  phosphoric 
id  was  regulated,  we  have  as  extreme  errors  0*0012  grm.  -f  and 
3006  grm.  —  with  a  mean  error  of  0*0002  grm  +.  Wjth  quan- 
;ies  of  nitrate  above  005  grm.  the  process  does  not  seem  a  safe 
le,  inasmuch  as  with  a  moderate  amount  of  water  present 
nae  nitric  acid  distils  over  undecom posed,  and  with  little 
iter  present  other  complications  as  seen  above  arise. 
The  method  so  far  as  it  is  applicable  may  be  summed  up  as 
Hows.  The  nitrate  not  to  exceed  in  amount  0*05  grm.  of  potas- 
im  nitrate,  is  introduced  into  a  retort,  together  with  ten  times 
1  weight  of  potassium  iodide,  and  17  to  20  cm'  of  phosphoric 
id,  of  specihc  gravity  1  '43.  All  water  used  should  be  recently 
»iled.  Carbon  dioxide  is  passed  from  a  receiver  carefully  set 
).  The  neck  of  the  retort  passes  into  a  receiver  containing 
known  amount  of  decinormat  arsenious  oxide,  alkaline  with  a 
►od  excess  of  hydrogen  sodium  carbonate  and  diluted  to  a 
nvenient  bulk.  To  this  flask  is  attached  for  additional  safety 
simple  trap  containing  water.  The  solution  in  the  retort  is 
►ilea  until  it  is  clear  that  no  more  iodine  remains,  when  the 
ceiver,  after  proper  washing  and  addition  of  the  liquid  in  the 
ap,  is  titrated  with  iodine  to  find  the  amount  of  arsenious 
:ide  still  left.  This  gives  the  measure  of  the  iodine  evolved 
id  consequently  of  the  nitrate  present,  according  to  the 
[uation 

2HNO3  4-  6HI  =  4HP  4-  2N0  +  3M 

The  Decomposition  of  Nitrates  hy  Aiitimonious  Chloride. 
-The  failure  mentioned  above,  in  attempting  to  use  arsenious 
dde  to  register  the  action  of  nitric  acid,  led  to  the  trial  of 
itimonious  chloride  as  a  substitute,  inasmuch  as  this  substance 

easily  oxidizable  and  less  volatile  than  arsenious  chloride  in 
resence  of  hydrochloric  acid.  This  latter  fact  is  of  great 
aportance  in  the  decomposition  of  a  nitrate.  The  point  to  be 
isted  was  whether  the  complete  decomposition  of  nitrates  by 
le  action  of  antimonious  chloride  in  hydrochloric  acid  solution, 
id  the  absorption  of  the  nascent  oxygen  to  form  antimonic 
iloride  would  be  secured,  so  that  the  antimonious  chloride  left 
;  the  end  as  compared  with  the  amount  taken  should  give  the 
easure  of  the  nitrate  used,  according  to  the  equation : 
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3SbCI,  +  2HNO3  +  6HCI  =  3SbCl.  +  2N0  +  4H,0. 

Antimony  chloride  was  dissolved  in  strong  hydrochloric  acid, 
and  the  solution  standardized  by  diluting  convenient  portions, 
adding  tartaric  acid,  nearly  neutralizing  with  25  per  cent  solu- 
tion of  sodium  hydrate,  treating  with  excess  of  hydrogen 
sodium  carbonate  and  titrating  with  decinormal  solution  of 
iodine  in  presence  of  starch,  the  blue  color  being  taken  as  the 
end  reaction. 

Known  portions  of  this  solution  boiled  with  potassium  nitrate 
for  a  considerable  length  of  time,  then  diluted,  neutralized  and 
titrated  (all  a  simple  quick  process),  showed  oxidation  to  the  ex- 
tent of  about  90  per  cent  of  the  nitrate  present.  The  evidence 
pointed  to  the  conclusion  that  the  nitrate  was  broken  up,  but 
that  the  residue  failed  to  register  the  amount  of  decomposition. 
The  products  of  decomposition  when  passed  in  a  current  of 
carbon  dioxide  into  potassium  iodide  set  free  iodine,  but  had 
no  oxidizing  effect  upon  an  alkaline  solution  of  arsenious  oxide. 
The  conclusion  was  drawn  that  nitrosyl  chloride  was  probably 
given  off,  which  breaking  up  on  contact  with  water  into  hydro- 
chloric and  nitrous  acids  exerts  no  effect  upon  arsenious  oxide 
in  alkaline  solution.  To  see  if  the  nitrosyl  chloride  was  set 
free  in  exact  measure  of  the  nitric  acid  lost  the  following  ex- 
periments were  made. 

Into  a  diminutive  retort — made  from  a  pipette  shaped  like  a 
Liebig's  drier  and  connected  by  a  sliding  joint  covered  by 
rubber  into  a  Kjehdahl  tube  used  as  a  receiver,  and  so  placed 
that  carbon  dioxide  passing  through  the  apparatus  should  enter 
from  below — lifting  the  air  before  it — was  introduced  the 
nitrate,  dry,  washed  down  with  a  few  drops  of  recently  boiled 
water,  or,  if  more  liquid  was  required,  with  hydrochloric  acid 
lest  the  liquid  become  too  dilute.  From  a  burette  a  definite 
amount  of  antimonious  chloride  solution,  somewhat  in  excess 
of  the  nitrate  taken,  was  introduced.  The  receiver  was 
charged  with  0*25  grm.  potassium  iodide  diluted  with  recently 
boiled  water  and  was  joined  to  a  trap  filled  with  water.  After 
carbon  dioxide  was  passed  through  the  apparatus  for  about  ten 
minutes,  the  solution  was  warmed  on  a  high  boiling  bath 
(103°-107°)  to  ensure  the  safety  of  the  retort,  to  keep  the 
antimony  pentachloride  from  breaking  up,  to  retain  the  bulk 
of  the  acid  in  the  retort  and  to  prevent  mechanical  loss.  This 
method  of  procedure  was  found  entirely  satisfactory.  After 
fifteen  minutes  digestion  the  receiver  and  trap  were  washed 
out  and  at  once  titrated  with  sodium  thiosulphate.  The  resi- 
due in  the  retort  was  treated  exactly  as  was  the  antimoniouB 
chloride  when  it  was  standardized.  The  solution  here  must  be. 
kept  dilute,  lest  at  the  great  heat  caused  by  neutralizing  strong 
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ntioDS  there  be  action  upon  the  pentachloride  on  the  part  of 
3  snpall  amount  of  tartaric  acid  now  present.  The  difference 
tween  the  trichloride  left  in  the  retort  and  the  iodine  found 
the  receiver  is  the  measure  of  trichloride  left  unoxidized  by 
3  nitrate,  and  by  difference  we  have  the  measure  of  the 
a^te  present.  The  results  are  given  in  series  I  and  II.  In 
periments  (1)  to  (8)  the  receivers  were  washed  with  ordinary 
itilled  water  ;  after  that  with  water  recently  boiled. 
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Three  more  experiments  were  performed  to  see  if  the  titra- 
»n  of  the  iodine  set  free  in  the  receiver  could  be  accom- 
ished  as  well  in  alkaline  solution  by  means  of  arsenious  oxide. 
>r  this  purpose  the  solutions  from  the  receivers  were  poured 
to  a  strong  solution  of  sodium  bicarbonate,  care  being  taken 
prevent  loss  during  effervescence. 
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18 
19 
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00541 
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Series  II. 

0  0533 
00549 
0-0537 


0-0003  + 
0-0002  + 
0-0004— 


0-0002  + 
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0-0002- 


The  results  run  from  extremes  of  0021  grm.+  to  '0013  grm.— 
th  a  mean  error  of  '00016  grm.+,  which  tends  to  emphasize 
B  well  known  fact  that  it  is  impossible  to  remove  every  trace 
air  from  reagents  and  generator.  The  operation  is  quick, 
king  in  all  three-quarters  of  an  hour  and  requiring  very  little 
itching.  The  experiments  given  are  all  that  were  performed 
th  the  apparatus  as  described,  it  not  having  been  found  nec- 
Miry  to  reject  a  single  determination  for  mechanical  mis- 
ances. 
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Neither  of  the  processes  described  presents  in  general 
advantages  eqnal  to  those  of  the  manganons  chloride  method 
to  which  reference  has  been  made,  bnt  nnder  special  conditions 
they  may  be  fonnd  useful. 

tn  concluding  I  would  express  my  thanks  to  Professor 
Gooch  for  valuable  advice  and  assistance  given  during  the 
course  of  the  investigation. 


Abt.  VII. — Piedmontite  and  Schedite  from  the  Ancient 
Phyolite  of  South  Mountain^  Pennsylvania  /  by  Geobge 
H.  Williams. 

[Published  with  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

In  a  recent  paper  on  the  Ancient  Volcanic  Kocks  of  South 
Mountain  in  Pennsylvania  and  Maryland,  the  identification  of 
the  manganese  epidote,  piedmontite,  in  the  add  lavas  was 
incidentally  mentioned.*  Several  points  of  interest  r^arding 
the  occurrence,  association  and  chemical  composition  of  this 
mineral,  which  deserve  a  special  notice,  have  been  brought  out 
by  its  subsequent  study. 

The  acid  or  rhyolite  lavas  so  extensively  developed  in  South 
Mountain  possess  a  wide  range  of  color,  within  wnich  varying 
shades  of  pink,  maroon  and  purple  are  conspicuous,  l^ese 
reddish  varieties  show  many  signs  of  being  rich  in  manganese. 
Aside  from  their  color,  clefts  in  the  rock  are  often  stained 
black  by  the  oxides  of  this  element,  while  ordinary  weathering 
not  infrequently  brings  about  a  similar  result,  in  the  basic 
and  more  highly  ferruginous  lavas,  conditions  favorable  to  the 
formation  of  epidote  have  at  some  time  obtained  to  an  extent 
rarely  surpassed.  Amygdules  are  filled  with  this  mineral,  while 
in  some  localities  the  rock  itself  is  fairly  changed  to  a  mass  of 
epidote.  Throughout  their  entire  extent  the  basic  lavas  have 
been  "  epidotized  "  to  a  remarkable  degree.  The  tendency  to 
epidote  formation  is  likewise  apparent  in  the  acid  rocks,  espe- 
cially when  they  are  examined  under  the  microscope.  Accord- 
ing to  the  supply  of  manganese  present,  however,  the  common 
epidote  shows  every  graduation  from  the  faintest  rose  tince, 
through  the  more  pronounced  pinks  of  withamite,  to  the  nch 
deep  carmine  of  typical  piedmontite.  All  of  these  varieties  fre- 
quently occur  within  the  limits  of  a  single  thin  section,  or  even 
as  an  irregular  coloring  of  a  single  crystal  or  group  of  crystals. 
In  such  cases,  the  deepest  color  is  at  the  center,  as  though  the 

*  This  Journal,  III,  vol.  xliv,  p.  495,  Dec.  1892, 
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growth  of  epidote  had  continued,  even  after  the  available  man- 
ganese Bupply  had  become  exhausted. 

The  deeply  colored,  typical  piedmontite  is  irregularly  dis- 
tributed as  a  microscopic  constituent,  being  most  abundant  in 
the  reddest  rhyolites,  and  in  them,  most  developed  in  the  feld- 
spar phenocrysts,  where  it  is  evidently  secondary.  At  some 
points  a  considerable  thickness  of  radiating  piedmontite  needles 
occupy  cavities  and  seams  in  this  rock.  It  is  the  occurrence 
of  such  macroscopic  masses  of  the  pure  mineral  which  makes 
this  region  an  important  piedmontite  locality ;  for,  while  this 
substance  is  becoming  constantly  more  wiaely  known  as  a 
microscopic  rock  constituent,  the  places  where  it  occurs  in 
specimens  of  macroscopic  size  and  beauty  are  still  very  few. 
In  one  case  piedmontite  was  found  replacing  old  spherulites 
and  projecting  from  the  sides  of  ovoid  cavities  into  a  mass  of 
enclosing  scheelite* 

These  three  types  of  occurrence  will  now  be  described  in  the 
inverse  order  of  that  in  which  they  have  just  been  mentioned. 

1.  Minute  crystals  in  scheelite. — In  the  area  of  rhyolite 
breccia  mentioned  in  the  writer's  former  paper  as  occurring  in 
the  Buchanan  valley,  two  miles  north  of  the  Chambersburff 
turnpike,*  a  large  block  of  the  acid  lava  was  found  behind 
Musser's  store,  in  which  fairly  well  crystallized  piedmontite 
was  abundant.  The  manganese  epidote  here  occurred  wholly 
or  partlv  filling  ovoid  areas  which  resemble  old  spherulites. 
The  rocK  itself  is  banded  with  lines  of  flow-structure  and  has  a 
deep  red  color  from  the  piedmontite  disseminated  through  it. 

Associated  minerals  are  quartz  and  rarely  hematite,  but  the 
center  of  the  cavity  is  usually  occupied  by  a  white  vitreous 
mineral,  into  which  the  terminations  of  the  minute  piedmon- 
tite needles  project,  and  which,  quite  contrary  to  expectation, 
proved  to  be  scheelite. 

The  projecting  ends  of  these  radiating  needles,  in  spite  of 
their  minute  size,  offer  the  best  material  yet  found  for  the 
study  of  the  crystallographic  and  optical  properties  of  the 
South  Mountain  piedmontite.  When  a  little  of  the  white  friable 
matrix  is  gently  pulverized  and  mounted  in  balsam  for  the 
microscope  a  very  beautiful  result  is  secured.  An  abundance 
of  sharply  defined  crystals  are  seen  bounded  by  the  character- 
istic planes  of  epidote,  but  on  account  of  their  intense  pleo- 
chroism  exhibiting,  when  viewed  with  one  Nicol,  many 
tints  of  yellow,  orange,  carmine  and  amethyst.  These  little 
crystals,  although  very  sharp  and  brilliant  under  the  micro- 
scope, are  I'arely  over  0'2™™  in  length  and  D'OS""™  in  breadth. 
They  are  therefore  too  small  to  measure,  although  some  of 

*Loc.  cit.  p.  492,  and  map  on  p.  483. 
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their  characteristic  forms,  as  seen  under  the  microscope  are 
shown  in  fig.  1.  Their  elongation,  as  is  usual  for  all  epidotic 
minerals,    is   invariably   parallel   to    the    orthodiagonal    axis. 

Crystals  which  lie  upon  their 
orthopinacoid,  as  in  the  fig- 
ure,  are  straw-yellow  to 
orange,  according  to  their 
thickness,  when  their  long 
direction  is  transverse  to  the 
vibrating  plane  of  the  Nicol, 
and  some  shade  of  amethyst 
when  these  two  directions 
are  parallel.  In  converged 
polarized  light  such  sections 
show  an  acute  positive  bisec- 
trix with  large  optical  angle, 
and  optical  plane  normal  to 
their  direction  of  elongation. 
Crystals  lying  on  the  posi- 
tive orthodome  show  the 
same  amethyst  shades  par- 
allel to  their  longest  direction  and  deep  carmine  transverse 
thereto.  The  pleochroism  is  therefore  a,  yellow ;  b,  amethyst ; 
c,  carmine,  and  the  absorption :  c>  b>  a,  or  c>  b=a.  In  terms 
of  Radde's  international  color  scale  the  tints  of  the  rays  vibrat- 
ing in  these  three  directions  were  fixed,  as  nearly  as  possible, 
as  a=7,  «;  b  =  23,  ^;  c=25,  7n.  This  pleochroism  agrees, 
except  for  differences  due  to  variation  in  the  amount  of  man- 
ganese, with  that  of  all  other  red  epidotes  as  may  be  seen  from 
the  following  table : 


Fig.  1. — Piedmontite  needles  from  scbee- 
lite,  Buchanan  valley,  Pa.  Magnified  x 
150. 


Locality. 

Author. 

a 

St.  Marcel 

Laspeyreo 

clear  orange 

Sweden 

Flink 

orange 

Japan 

Koto 

deep  reddish  violet 

Groix 

Lacroix 

yellow 

Glencoe 

Lacroix 

lemon-yellow 

South  Mt. 

Williams 

yellow  to  orange 

amethyst  blood  red 

violet  carmine 

light  violet  brownish  red 

very  clear  rose  bright  rose 

clear  rose  light  rose 

amethyst  carmine 


The  exception  in  the  case  of  the  Japanese  piedmontite  as 
given  by  Koto,"^  does  not  agree  with  my  own  determination 
upon  a  number  of  specimens  from  Japan  received  from  him. 
My  examinations  of  the  Japanese  piedmontite  show  it  to  be 

;uite  normal,  and  give  :  a,  yellow  ;  b,  pale  violet ;  c,  magenta, 
also  find  the  absorption  not  as  Koto  gives  it,  a>  c>  b,  but 
c>  b>  a. 


*  Journal  of  the  College  of  Science,  Imperial  University,  vol.  i,  p.  306,  1887. 
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The  determination  of  the  colorless  mineral  associated  with 
the  piedmontite  at  this  locality  as  acheelite  was  so  unexpected 
that  a  few  words  may  be  devoted  to  its  properties.  It  is  quite 
brittle  and  has  a  vitreous  to  resinous  luster  and  fairly  good 
pyramidal  cleavage.  No  trace  of  crystal  form  was  observed, 
but  the  cleavage  angle  measured  approximately.  100°.  In  con- 
verged polarized  light  the  pyramidal  cleavage  flakes  show  a 
uniaxial  figure  of  positive  character  and  strong  double  refrac- 
tion. Moistened  with  hydrochloric  acid  the  fragments  became 
yellow  and  then,  as  the  solution  dries  it  becomes  a  deep  blue. 
Fused  with  Na^CO,  on  charcoal  and  dissolved  in  water  the  solu- 
tion is  a  deep  blue.  The  phosphor  salt  bead  is  green  when  hot 
in  the  reduction  flame,  but  it  remains  a  deep  emerald  tint  on 
becoming  cold,  instead  of  turning  blue  as  the  scheelite  bead 
usually  does.  The  specific  gravity  determined  by  a  pycnom- 
eter  with  the  little  material  at  hand  gave  5*61,  which,  though 
somewhat  low  for  scheelite,  is  as  good  a  result  as  could  be 
expected  with  the  somewhat  porous  substance. 

2.  Radiating  aggregates  filling  veins  vn  the  rhyolite. — The 
locality  which  has  furnished  the  greatest  abundance  of  South 
Mountain  piedmontite  is  on  the  west  flank  of  Pine  Mountain 
about  one  mile  north  of  Monterey  station.  The  mineral  has 
here  a  deep  carmine  color  and  forms  spherulitic  aggregates  of 
needles  upon  which  no  trace  of  crystal  form  is  visible.  They 
are  crowded  closely  together  and  fill  irregular  veins  which 
vary  in  width  from  5  or  6^"™  to  the  finest  possible  threads.  The 
average  diameter  of  the  radiating  aggregates  is  from  5  to  7"**, 
although  occasional  needles  have  been  observed  measuring  as 
much  as  10'"°'  in  length. 

In  microscopic  section  these  aggregates  present  a  brilliant 
appearance.  The  piedmontite  needles  have  the  same  optical 
properties  as  the  more  perfect  crystals  already  described  ;  but, 
since  there  is  no  parallelism  of  their  a  and  c  axes,  the  fibers 
all  show  an  amethystine  color  in  the  direction  of  their  elonga- 
tion, but  various  shades  of  carmine,  yellow  and  orange  in 
transverse  directions.  Some  of  the  needles  show  in  their 
pleochroism  a  complex  twinning  structure  like  that  figured  by 
Laspeyres.*  The  microscope  shows  further  that  the  needles 
of  these  radiating  aggregates  are  minutely  intergrown  with 
clear  limpid  quartz.  This  mixture  is  so  extremely  intimate  as 
to  render  the  obtaining  of  pure  material  for  analysis  very  diffi- 
cult. A  powder  obtained  with  the  Tlioulet  solution  was  care- 
fully analyzed  by  Mr.  W.  F.  Hillebrand,  of  the  U.  S.  Geolog- 
ical Survey,  with  the  following  result  : 

*  Zeitscljrift  fiir  Kryst.,  vol.  iv,  PI.  XT,  fig.  8,  1880. 
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SiO   47-37 

A1,0, 18-65 

Ce,0, 0-76 

R,0,  (other  rare  earths) 1*28 

Fe,0, 4-02 

Mn^O, 6-86 

MnO 1-92 

CaO 16-82 

MgO 0-25 

K,0 0-et8 

Na,0 0-23 

H,0    2-08 

CuO 0-11 

PbO 0-14 


Total 100-05 

The  silica  is  here  10  per  cent  too  high  for  epidote,  but  as 
the  microscope  showed  that  the  only  impurity  was  pure  quartz, 
it  seemed  quite  justifiable  to  recalculate  the  analysis  after  de- 
ducting 10  per  cent  of  this  substance.  To  substantiate  this 
conclusion  another  separation  was  attempted  with  greater  care. 
The  piedmontite  was  very  finely  pulverized  and  only  that  por- 
tion used  which  fell  in  a  solution  of  methelyne  iodide  having 
a  specific  gravity  of  3'32.  The  microscope  showed  that  there 
was  still  a  small  quantity  quartz  admixed,  although  much  less 
than  in  the  preceding  instance.  A  determination  of  the  silica 
of  this  powder  by  Mr.  Hillebrand  gave  4:0*08  per  cent.  It 
seems  therefore  certain  that  the  recalculation  of  the  analysis 
given  above  on  a  basis  of  37  "37  per  cent  silica  would  give  very 
nearly  the  composition  of  our  piedmontite.  The  result  thus 
secured  is  as  follows : 


I 


SiO, 37-37 

A1,0, 22-07 

Ce,03 0-89 

R^Oj  (other  rare  earths) 1"52 

Fe,0, 4-78 

Mn^Oj 8-15 

MnO 2-285 

CaO 18-825 

MorO   0-30 

K,0 0-81 

Na,0 0-27 

H,0 2-48 

CuO 0-13 

PbO 0-17 

Total 100-05       / 
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This  analysis  is  of  especial  interest  in  showing  that  the  South 
Mountain  piedmontite  is  a  connecting  link  between  three 
recognized  members  of  the  epidote  group.  In  the  first  place, 
the  amount  of  cerium  and  other  rare  earths  which  it  contains 
indicates  a  considerable  admixture  of  the  allanite  or  orthite 
molecule;  while  the  presence  of  both  manganous  and  man- 
ganic oxides  gives  this  mineral  a  position  intermediate  between 
true  piedmontite  and  the  mangan-epidote  of  Flink.  Copper 
occurs  extensively  in  the  rocks  which  carry  the  piedmontite. 

Another  locality  for  piedmontite  tilling  veins  in  the  rhyolite 
was  found  near  the  head  of  Miney  Run  below  the  Clermont 
Hotel.  While  similar  to  that  on  Pine  Mountain,  the  mineral  is 
here  less  abundant 

3.  Piedmontite  as  a  microscopic  constituent  of  the  rhyolite, 
— Although  piedmontite  has  as  yet  been  observed  in  macro- 
scopic quantities  in  the  South  Mountain  rhyolite  only  at  the 
three  localities  above  mentioned,  it  is  quite  generally  dissemi- 
nated as  a  microscopic  constituent.  Other  occurrences  like 
those  already  described  will  doubtless  come  to  light  as  the 
detailed  examination  of  the  rhyolite  area  proceeds. 

The  reddest  rhyolites  contain  microscopic  piedmontite  most 
abundantly  and  this  color,  as  in  the  case  of  the  well-known 
"  porfido  rosso  antico,"  seems  to  be  due  to  the  mineral.  The 
most  representative  specimens  of  this  variety  are  from  the 
small  area  of  rather  coarse  and  porphyritic  rhyolite  occurring 
just  at  Monterey  station,  Pa.  This  rock,  which  may  be  re- 
garded as  a  type  of  all  the  others  of  this  region  like  it,  has  a 
micropoikilitic*  groundmass  enclosing  good-sized  phenocrysts 
of  checkered  anorthoclase  and  smaller  ones  of  rounded  quartz. 
It  shows  no  particular  evidence  of  dynamic  action,  though 
there  is  some  secondary  quartz  and  sericite  present.  Tne 
groundmass  is  full  of  black  specks,  probably  manganese  oxide 
resulting  from  the  alteration  of  piedmontite,  while  there  is 
every  indication  that  the  latter  mineral,  along  with  its  asso- 
ciated rose  and  common  epidote,  is  itself  always  of  secondary 
origin.  It  occurs  in  veins  or  cracks  in  the  feldspar  phenocrysts 
and  groundmass  or  in  isolated  patches,  usually  in  association 
with  secondary  quartz,  epidote  and  black  manganese  oxide. 
The  piedmontite  is  not  infrequently  surrounded  by  a  zone  of 
pale  rose  or  colorless  epidote,  which,  however,  seems  to  be 
rather  granular  than  of  continuous  crystalline  structure  with 
the  deep  red  mineral  in  the  center  (fig.  2). 

As  the  microscopic  piedmontite  agrees  in  all  its  physical 
properties  with  the  macroscopic,  except  for  its  greater  ten- 
dency to  mix  in  all  proportions  with  the  epidote  molecule,  no 

*  G.  H.  Williams:  '*0a  the  use  of  the  terms  poikilitic  and  micropoikilitic  in 
petrography;"  Journal  of  G-eology,  vol.  i,  p.  176,  1893. 
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attempt  was  made  to  isolate  it. 
that  it  is  not  the  Bame  mineral  i 


surrounded  by  n 


There  is  no  reason  to  believe 
that  coDcentrated  in  the  veing. 
Ae   piedmontite    is    con- 
stantly increaeing  in  impo^ 
tance  as  a  rock  ooDstitnent, 
it  has  appeared  to  the  writw 
worth    while   to  record  all 
occurrences  heretofore  pnb- 
lished.     As  far  as  possible 
he  lias  made  a  comparative 
stndy  of  these  occnrrencea.* 
We    notice   in  epidote  a 
tendency  to  form  red  varie- 
ties, just  as,  in  the  case  of 
hornblende,  there  is  a  ten- 
dency  to   form    blue    ones 
(glaucophane,riebeekite,^E- 
taldite,  crocidolite).    Thnlite 
.    ,  is  red  zoisite.     The  red  epi- 

rfdow  ^urnified  '*°**  ***  Kotherkopf  in  the 
n  ,0  '"^'  "         *^'"  *'     Tyrolt  and  the  withamite  of 

Glencoe  in  Scotland  contain 
very  little  manganese,  and  are  comparable  with  the  rose  epi- 
dotea  associated  with  the  microBCopic  piedmontite  of  South 
Mountain  and  Japan4  The  recorded  piedmontite  occnrrencee 
which  the  writer  has  been  able  to  find  are  as  follows  :S 

1.  With  mangansae  ore  deposits. — San  Marcel,*  vih,  and 
Mezzenile,  Italy]|  (piedmontite):  Jakobsberg,*  Sweden^  (man- 
gan-epidote,  with  MnO  only). 

2.  Spheriilitic  aggregates  as  veins  in  eruptive  rocks.  — 
Glencoe,*  Scotland**  (withamite) ;  South  Monntain,*  Penn. 

3.  Secondary  constituent  of  eruptive  rocks. — "  Porhdo  rosso 
antico."  Djebel  Doklmn,*  Egyptff  ;  Quartz  porphyries  of  Mis- 
souri ;*  XX  granulite  of  Haute-Loire,  France  ;§§  South  Moun- 
tain,* Penn. 

•  For  nasLBlsnoe  in  gathorinp  material  for  this  study  the  writer  would  express 
his  gratiwde  to  Mr.  U,  S.  Bement  o£  Philadelphia  .■  Mr.  J.  S.  Diiler  of  Washin^E- 
ton;  Prof,  'L.  V.  Pirason  of  New  Havou;  Prof.  B.  Kolo  of  Tokyo;  Prof.  Q. 
Flink  of  Stockholm  and  Prof,  A.  Laeroix  of  Paris. 

+  H.  Biicking:  Zeitschr,  f.  Kryst .  vol.  ii,  p.  384.  1878. 

i  B.  Koto :  Jour.  Coll,  Sei..  Imp.  Univ.  Japan,  vol.  i,  p.  310,  1I)8T. 

g  Asterisk  denotes  apeoimens  studied  by  this  writer. 

JLaspeyres:  Zeitschr.  f.  Kryst.,  vol.  iv,  p.  435,  1880;  Jervis,  quoted  bj 
HiDtie:   Handb.  Min..  p.  255,  laSO, 

•f  ft.  Kliak ;  Zeitschr.  f.  KryEt.,  vol.  iv,  p.  88.  1 889. 

**a  Brewster:  New  Ediob  Joum.  Soi.,  vol.  ii,  p.  21B,  1816;  Beddle:  Min. 
Mag.,  vol.  V,  p.  15,  1882;  Lacroii :  Bull.  Soc  Min.  de  Fr..  vol.  vi,  p.  76,  1886. 

ft  H.  RosenbuBch:  Die  mass.  Gest..  Isted.,  f.iw.  I8"7  ;  2d ed.,  p.  472, 1887; 
Th.  Liebisoh  :  Zeitaehr.  d.  geol,  Ge3„  vol  iiii.  p.  TIT,  18T7. 

It  B.  Haworth:   [oaug.  Dissertation,  Am.  Geologist,  vol.  i,  p.  365,  1888. 

§§  Lacroii:  Miueralogie  de  la  France,  vol.  i,  p.  156,  1893. 
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4.  In  oryatalline'Schiats, — Chlorite  sericite  gneiss  and  glau- 
cophane  schist,  Japan  ;*  on  ilmenite  from  mica-schist,  Island 
Groix,  France  ;t  in  gabbro-diorite  (alteration  product  of  horn- 
blende), Chichi bii,  Japan.:[: 

The  writer  is  indebted  to  Messrs.  Diller  and  Pirsson  for  two 
occurrences  of  piedmontite  in  quartz-porphyry  which  have  not 
as  yet  been  described.  The  first  is  in  tiie  porphyries  and  fel- 
sites  of  the  Boston  basin.  Although  Mr.  Diller  does  not  men- 
tion this  mineral  in  his  paper  on  these  rocks,  it  occurs  in  at 
least  six  sections  which  were  kindly  loaned  the  writer  for  ex- 
amination. From  Mr.  Pirsson  the  writer  has  a  section  of  a 
porphyry  almost  identical  with  the  common  South  Mountain 
type,  which  comes  from  the  "  Archaean  area  of  Georgia  near 
Tennessee."  It  has  a  finely  developed  micropoikilitic  ground- 
mass,  considerable  rather  pale  piedmontite  (perhaps  witha- 
raite),  and  is  especially  interesting  as  showing  the  persistence 
of  the  rhyolite  to  the  southern  end  of  the  Appalachian  region. 

Petrographical  Laboratory,  .Johns  Hopkins  University, 
Baltimore,  March  24,  189*. 


Art.  VIII. —  The  Cambrian  and  the  Ozarlc  Series;    by 

G.  C.  Broadhead. 

In  the  Missouri  Geological  Report,  1873-74,  the  writer 
announced  the  finding  of  LinguleLla  Lawbomi  Mk.  in  the 
lower  Magnesian  limestone  beds  of  Madison  County  and  from 
that  evidence  the  beds  were  referred  to  the  age  of  the  Potsdam. 
I  have  also  obtained  from  the  same  beds  a  Soolithus  and 
Oholella  polita. 

In  various  papers  published  by  C.  D.  Walcott  notably  in 
this  Journal  for  December,  1884,  and  in  Bulletin  81  of  the 
U.  S.  Geol.  Survey — Correlation  papers — Cambrian  he  has 
referred  the  Potsdam  group  to  the  age  of  the  Upper  Cambrian. 

In  an  article  by  the  writer  of  this  paper  read  before  the 
Am.  Assoc.  Adv.  of  Science,  Cleveland  meeting,  1888,  and  pub- 
lished in  the  American  Geologist,  January,  1889,  entitled 
"  The  Geological  History  of  the  Ozark  Upiift,"  the  rocks  of 
the  Ozarks  were  defined  and  I  made  the  statement  that  the 
Magnesian  Series  of  the  Ozarks  were  equivalent  to  the  Upper 
Cambrian  of  C.  D.  Walcott.  In  a  subsequent  article  published 
in  the  American  Geologist  for  July,  1891,  entitled  the  "Ozark 
Series "  I  have  briefly  described  the  several  members  of  the 

*B.  Koto:  Jour.  Coll.  Sci..  Imp.  Univ.  Japan,  vol.  i.  p.  303,  1887. 

f  LacroLx:  Bull.  Soc.  fr.  de  Min..  vol.  xi,  p.  148.  1888. 

JT.  Harada:  Die  Japanischcn  Inseln,  Krste  Lief.  Berlin,  1890,  p.  75. 
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series  and  stated  that  the  second  Magnesian  limestone  and  the 
other  series  below  to  the  Archsean  seem  to  correspond  with 
the  description  and  position  of  beds  referred  bj  Mr.  Walcott 
to  the  Upper  Cambrian.  I  now  make  the  additional  state- 
ment that  diere  is  a  similarity  in  character  and  composition  of 
the  entire  series  from  the  top  of  the  first  Magnesian  to  the 
lowest  member  of  the  Ozark  series  so  as  to  make  it  seem 
proper  to  class  the  various  members  in  one  series  the  ''  Ozark 
Series." 

The  author  of  the  article  on  the  Cambrian  and  Ozark  Series 

Enblished  in  this  Journal  for  March,  1893,  would  make  ne 
elieve  that  he  was  the  first  person  who  had  su^ested  the 
appropriateness  of  assigning  this  series  to  the  age  ofthe  Cam- 
brian, but  as  I  have  above  stated  the  Cambrian  age  had  been 
suggested  before.  Again,  referring  to  Bulletin,  No.  81,  Corre- 
lation papers,  Cambrian,  Mr.  Walcott  says  that  "  The  Cambrian 
rocks  occur  in  the  southeastern  portion  of  the  State,  about  the 
Ozark  Uplift.  In  several  other  places  in  the  same  BuUetin 
the  Cambrian  and  Potsdam  of  Missouri  are  referred  to.  In 
the  article  above  referred  to,  published  in  this  Journal  for 
March,  1893,  a  statement  is  made  on  pages  221  and  222  that  in 
view  of  the  recent  work  of  the  Missouri  Geological  Survey  a 
new  classification  would  be  necessary.  If  necessary,  it  would 
be  either  for  correction  of  former  work  done,  or  else  on 
account  of  new  discoveries.  I  do  not  consider  that  previous 
or  present  facts  can  justify  any  particular  change. 

Prof.  Swallow  defined  the  Magnesian  limestone  series  (Ozark 
Series)  and  gave  names  to  the  principal  beds  in  their  order 
thus : 

First  Magnesian  limestone. 

First  or  Saccharoidal  sandstone. 

Second  Magnesian  limestone. 

Second  sandstone. 

Third  Magnesian  limestone. 

Third  sandstone. 

Fourth  Magnesian  limestone. 

The  original  section  is  in  the  main  correct  Still  there  are 
certain  beds  found  in  one  part  of  the  State  that  cannot  be 
entirely  differentiated  at  other  localities  and  some  beds  found  at 
one  place  may  be  wanting  at  other  places.  Prof.  Swallow 
recognized  a  third  and  a  lourth  Magnesian  limestone  on  the 
Osage.  The  formation  known  as  the  Third  Magnesian  lime- 
stone includes  certain  beds  which  cannot  be  distinguished  from 
the  fourth  Magnesian  and  it  may  be  that  the  lower  limestones 
of  Madison  County  are  of  the  age  of  the  fourth  Magnesian ;  if 
so,  the   two  are   not   separated  by  a  sandstone  in  Southeast 
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Missouri.     On  the  Missouri  River  I  have  observed  at  several 

5 laces  lenticular  beds  of  sandstones  intercalated  in  the  Second 
[agnesian  and  these  sandstones  sometimes  may  be  traced  for 
several  miles,  or  as  much  as  15  miles. 

In  the  well  bored  at  the  Insane  Asylum,  St.  Louis,  we  find 
the  following  series : 


1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 


9.  *s 

10.  ^  , 

11.1' 

12.  (S 

13. 

14. 

15. 

16. 

17. 


Total 

depth. 

Loess  to 

40  f 
120 

eet. 

Coal   measures  to 

(( 

Lower  Carboniferous ** 

883 
1304 
1452 

(C 

Lower  Silurian _.  " 

« 

First  Magnesian  limestone " 

« 

First  sandstone -  " 

1585 
2102 

C( 

Second  Magnesian  limestone " 

<( 

Second  sandstone ** 

2184 
2671 

(( 

Magnesian  limestone,  verycherty..  " 

(< 

Magnesian  limestone  and  sandstone.  '^ 

2843 

ti 

Sandstone " 

2880 

<( 

Limestone ,.-.  " 

3022 

<c 

Sandstone " 

3120 

n 

Magnesian  limestone " 

3504 

u 

Sandstone " 

3545 

cc 

Sandstone  and  limestone " 

3555 

C( 

Sandstone,  there  may  be  granite  at  base,  3843 


li 


a 


u 


(( 


(( 


This  section  indicates  other  sandstones  besides  the  1st,  2d 
and  3d.  They  may  be  local  beds.  My  general  section  in 
Madison  County  is  as  follows : 

1.  Chert  beds 125  feet. 

2.  Magnesian  limestone  with  chert  and  quartz.-   100     " 

3.  Magnesian  limestone 125 

4.  Gritstone  and  Lingula  beds 50 

5.  Marble  beds 5  to  25 

6.  Sandstone  and  conglomerate 5  to  90 

Near  the  Iron  Mountain,  Conglomerate  rests  on  the  Por- 
phyry ;  eastwardly  on  St.  Frangois  River  in  Madison  County 
the  lower  beds  of  the  sandstone  are  pebbly  and  rest  upon 
granite.     Near  Fredericktown  the  series  appears  thus: 

1.  Magnesian  limestone. 

2.  Gritstone. 

3.  Sandstone. 

4.  Red  Slaty  sandstone. 
6.  Granite. 

Ten  miles  west,  No.  4,  of  this  section  is  over  20  feet  thick, 
with  layers  of  sandstone  and  conglomerate  above. 

In  the  northern  part  of  Madison  County  the  marble  beds 
are  wanting,  but  the  gritstone  beds  are  present.    In  the  southern 
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portion  of  the  county  we  find  both.  On  west  side  of  St. 
Fran§ois  Eiver  not  far  from  month  of  Leather  wood  Creek  the 
section  shows : 

1-4  feel  Magnesian  limestone. 

2-4  feet  Gritstone. 

3-9  feet  of  Ma<j:ncsian  limestone. 

4-3  feet  of  Gritstone. 

5-11  feet  of  Magnesian  limestone. 

6-20  leet  of  Marble  beds. 

On  Twelve  Creek  I  have  found  the  Gritstone  beds  resting 
on  the  marble  which  in  turn  rests  upon  the  porphyry.  In 
this  way  I  obtained  my  general  section  of  Madison  County  as 
above.  On  Marble  Creek  in  Iron  County  the  Magnesian  lime 
stones  are  seen  resting  directly  upon  the  porphyry. 

The  sandstone  atid  the  Marble  beds  not  being  persistent  are 
found  at  some  places  resting  upon  the  porphyry  or  granite 
(Archaean)  at  otiier  places  the  limestones  rest  directly  upon 
the  Archaean.  The  upper  beds  of  the  Ozark  Series  are  in  the 
main  persistent.  Near  Augusta  the  regular  succession,  from 
first  Magnesian  to  second  Magnesian  is  preserved.  At  Crystal 
City,  Pacific  and  Westpoint,  III,  the  two  upper  members  are 
well  exposed.  On  the  Gasconade  and  Osage  the  second  and 
third  Magnesian  limestones  with  the  separating  and  incumbent 
sandstones  are  well  marked.  So,  taking  all  the  evidence  in 
the  case  one  had  better  go  very  slow  before  he  attempts  a  new 
arrangement  or  classification. 


Art.  IX.  —  A    One -Volt  Standard   Cell;    by 

Henry  S.  Carhart. 

[Read  before  the  National  Academy  of  Sciences,  Washington,  April  21,  1893.] 

The  calomel  cell,  consisting  of  mercury  in  contact  with  mer- 
curous  chloride  and  zinc  in  a  solution  of  zinc  chloride,  was  first 
described  by  von  Helmholtz  in  1882.*  Without  any  knowledge 
of  its  previous  invention  I  made  the  same  cell  six  years  ago 
and  have  still  the  first  sample  made  at  that  time.  Ostwaldf 
refers  to  a  calomel  cell  giving  one  volt  E.  M.  F.  at  16°  C,  the 
density  of  the  zinc  chloride  being  1409  at  15°,  and  the  tem- 
perature coefficient  -f '00007  volt  per  degree. 

Within  the  last  few  months  I  have  taken  up  the  calomel  cell 
again  with  a  view  of  adjusting  it  to  precisely  one  volt,  making 
a  careful  determination  of  its  temperature  coefficient,  and  in- 
vestigating its  reliability. 

*  Sitzber.  der  Akad.  der  Wiss.,  p.  26.  Berlin,  1882. 
f  Zeitschrift  fur  Physikalische  Chemie,  vol.  i,  p.  403. 
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It  is  now  well  known  that  the  E.  M.  F.  of  a  voltaic  cell  with 
zinc  immersed  in  a  solution  of  one  of  its  salts  decreases  with 
increase  of  density  of  the  solution.*  Within  limits  therefore 
the  E.  M.  F.  of  a  cell  can  be  varied  by  changing  the  dcjnsity  of 
the  solution  of  the  zinc  salt.  Thus  the  E.  M.  F.  of  a  Clark 
cell  was  found  to  vary  from  1'484  volts  with  a  solution  saturated 
at  20°  C.  to  1*481  volts  with  a  5  per  cent  solution,  a  variation  of 
nearly  three  and  one-third  per  cent. 

The  variation  of  the  E.  M.  F.  with  density  is  even  greater 
in  the  case  of  zinc  chloride.  With  zinc  chloride  16  per  cent 
increase  of  densit;y  produces  3  5  per  cent  decrease  in  E.  M.  F. 
An  equal  increase  of  density  of  zinc  sulphate  is  accompanied 
by  only  half  the  percentage  decrease  of  E.  M.  F.  Hence 
greater  care  is  necessary  in  standardizing  a  solution  of  zinc 
chloride  than  of  zinc  sulphate. 

Taking  the  Clark  cell  with  excess  of  crystals  of  zinc  sulphate 
as  the  standard,  having  an  E.  M.  F.  of  1'434  volts^f  at  15°  C, 
I  have  found  that  the  density  of  the  zinc  chloride  solution 
required  to  give  one  volt  is  1*391  at  15°  C.  Ostwald's  density 
gives  too  low  a  value.  It  was  probably  adjusted  to  correspond 
with  the  legal  ohm. 

The  cell  is  made  in  the  same  form  as  my  Clark  standard. 
In  the  bottom  of  the  tube  is  pure  mercury  in  contact  with  a 
platinum  wire ;  on  this  a  paste  of  mercurous  chloride  and  the 
zinc  chloride  solution ;  a  cork  diaphragm  follows,  holding  the 
mercury  and  paste  firmly  in  position,  especially  with  some 
asbestos  packing  under  the  cork ;  zinc  chloride  is  then  added 
to  the  proper  depth,  and  an  amalgamated  zinc  rod,  supported 
by  a  cork,  completes  the  electrical  combination  of  parts.  The 
cell  must  be  hermetically  sealed  as  usual.  Such  a  cell  is  per- 
fectly portable  and  gives  promise  of  long  life.  Its  internal 
resistance  is  about  15U0  ohms,  and  it  does  not  appear  to  suffer 
permanent  change  by  heating  to  50°  C.  or  even  to  60°.  The 
cell  six  years  old  already  mentioned  is  still  in  good  condition 
and  has  apparently  maintained  its  E.  M.  F. 

An  interesting  feature  of  this  cell  is  its  small  positive  tem- 
perature coefficient.  It  is  well  known  that  the  coefficient  of 
the  Clark  and  the  Daniell  standard  is  negative.  The  calomel 
cell  has  a  coefficient  of  about  -f  00(^09  within  working  limits 
of  temperature.  In  the  following  table  will  be  found  the  data 
of  one  series  of  observations  on  the  temperature  coefficient : 

*  Carhart,  this  Journal.  Nov.  1884,  p.  374. 

t  Report  of  the  B.  A.  Committee,  Edinburgh  Meeting.  1892. 
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Table  I. 


No. 

30.    Clark. 

No.  8. 

ZnCl, 

ResistaDce 

Resistance 

Electromotive 

tobaUmcor. 

Temp.  C. 

to  balance. 

Temp.  C. 

fore©  in  volts. 

9401 

18'*-26 

6672 

13**-7 

1-0000 

6608 

48-9 

1-0055 

6604 

48-0 

1-0049 

6598 

45-4 

1-0040 

6592 

40-7 

1-0031 

6589 

36-4 

1-0026 

9402  + 

1 8*-26 

6586 

30-2 

1  -0020 

6583 

26-7 

1-0016 

6581 

23-7 

1-0013 

6579 

20-4 

1-0010 

6577 

17-2 

1  0007 

6576 

150 

1-0005 

9403 

IB"*-! 

6573-5 

10-0 

1-0001 

The  E.  M.  F.  of  the  Clark  is  taken  as  1-434  at  IS'' ;  tempera- 
ture coefficient  —-00077.  It  will  be  observed  that  the  cell  does 
not  recover  its  normal  E.  M.  F.  immediately  on  descending 
temperatures.  This  hysteresis  phenomenon  however  is  smal^ 
amounting  only  to  an  error  equivalent  to  about  three  decrees 
of  temperature.  The  entire  change  of  temperature  of  aix)ut 
40°  took  place  within  three  hours.  The  observations  of  the 
table  are  plotted  in  the  curve  of  fig.  1.  Th^  curve  is  approxi- 
mately a  straight  line  between  ten  and  forty  degrees.     Beyond 

1. 
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this  point  the  coefficient  increases  rapidly.  The  equation  of 
the  curve  contains  not  only  a  quadratic  term  but  one  which 
is  a  function  of  a  still  higher  power  of  the  temperature.  The 
following  equation  tits  the  observations  fairly  well : 

Et  =  1  +  •000085(«- 15)  +  •0000006(«— 15)'  +  '00000001  («— 16)". 

Between  ten  and  thirty  degrees  the  relation  between  E.  M. 
F.  and  temperature  may  be  expressed  as  follows : 

Et=  1  + •000094(^—15). 
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The  coefficient  is  therefore  a  little  less  than  yjj  per  cent  per 
degree.  A  neglected  variation  of  temperature  of  10°  C.  can 
cause  an  error  of  only  yy  P^^  cent. 

In  another  paper*  I  have  given  an  analysis  of  the  tempera- 
ture coefficient  of  both  the  Clark  and  the  Daniell  cell  when  the 
former  contains  no  excess  of  zinc  sulphate  crystals,  and  have 
shown  that  this  coefficient  is  a  purely  thermo-electric  phenome- 
non at  the  contact  of  a  metal  and  a  liquid  Further  mvestiga- 
tions  confirm  this  conclusion  that  the  temperature  coefficient  of 
a  voltaic  cell  is  the  result  of  the  superposition  of  the  two  thermo- 
electromotive  forces  of  the  metal  and  the  salt  in  contact  with 
it  on  the  two  sides  of  the  cell,  whenever  this  coefficient  is  not 
complicated  with  oxidation  effects  and  the  solution  and  recrys- 
tallization  of  salts.  In  the  old  Clark  cell  almost  exactly  half 
the  temperature  coefficient  is  due  to  changes  in  density  of  the 
solution  by  reason  of  the  presence  of  an  excess  of  zinc  sulphate 
crystals. 

These  dissolve  when  the  temperature  rises  and  again  slowly 
crystallize  out  on  a  falling  temperature.  Time  is  required  for 
diffusion,  and  the  cell  is  therefore  slow  in  reaching  its  electri- 
cal equilibrium  after  a  temperature  change.  This  time  lag  m^y 
extend  over  several  days.  It  is  very  appreciable  when  the 
temperature  change  does  not  exceed  one  degree  an  hour. 

Whether  a  resultant  temperature  coefficient  shall  be  positive 
or  negative  depends  upon  the  relative  values  and  the  signs  of 
the  two  thermo-electromotive  forces  at  the  two  sides  of  the 
couple.  To  measure  these  electromotive  forces  of  thermal 
origin  I  have  made  use  of  an  experimental  cell  consisting  of 
two  glass  tubes  12*^  long  and  1*^  to  2^°"  in  diameter,  joined 
near  the  top  by  a  small  tube  17^  long,  having  near  the  middle 
a  narrow  bore  made  by  thickening  the  walls  of  the  tube.  When 
it  is  desirable  to  use  two  liquids  a  plug  of  asbestos  is  placed  at 
the  narrow  part  of  the  connecting  tube  to  aid  in  filling  with- 
out admixture  of  the  liquids  and  to  diminish  diffusion.  When 
the  thermo-E.  M.  F.  between  a  metal  and  a  liquid  is  to  be 
determined  the  experimental  cell  is  filled  with  the  liquid  and 
wires  of  the  same  metal,  cut  from  one  piece,  are  inserted  in  the 
two  limbs.  One  limb  is  then  kept  in  melting  ice  and  the  other 
is  raised  to  different  temperatures,  and  the  resulting  E.  M.  F. 
measured.  For  this  latter  purpose  the  most  exact  method, 
giving  practically  an  electrostatic  measurement,  is  to  balance 
the  E.  M.  F.  of  a  standard  cell  against  the  fall  of  potential  over 
the  requisite  resistance  in  a  circuit  of  constant  high  resistance 
(10,000  ohms),  as  in  the  Kayleigh  or  compensation  method  of 
comparing  electromotive  f  orces.f   The  experimental  cell  is  then 

♦London  Electrician,  June  12,  1891 ;  Carhart's  Primary  Batteries,  pp.  136-150. 
fPhU.  Trans.,  Part  II,  1884,  p.  441. 
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pnt  in  series  with  the  standard  cell,  and  the  resistance  in  the 
shnnt  of  the  main  circuit  required  to  maintain  a  balance  shows 
both  the  value  and  the  direction  of  the  E  M.  F.  of  the  experi- 
mental cell  as  compared  with  the  standard.* 

By  this  method  the  mean  thermo-E.  M.  F.  of  Cu— CuSO^— 
Co  per  degree  between  0°  C.  and  60°  C.  I  have  found  to  be 
+•00073  volt.  The  positive  sign  indicates  that  the  metal  in 
the  warm  solution  is  positive  externally  to  the  one  in  the  cold, 
or  the  metal  in  the  cold  plays  the  part  of  the  zinc  of  a  voltaic 
couple.  Boutyt  gives  the  E.  M.  F.  of  Fe  —  FeSO^  —  Fe  as 
zero.  It  follows  that  a  couple  consisting  of  Fe  —  FeSO^- 
CuSO^— Cu  should  have  a  positive  temperature  coefficient,  and 
this  coefficient  should  be  the  same  whether  the  whole  cell  is 
heated  or  only  the  copper — copper  sulphate  side.  Experiment 
confirms  the  first  conclusion  at  least  The  E.  M.  F.  of  the  cell 
at  15°  C.  was  found  to  be  0-625  volt,  and  at  29°-4  C,  0-637 
volt.  The  change  is  therefore  +0*000833  volt  per  degree  and 
the  coefficient  is  0'000833  -7-0-625  =  0-0013,  or  over  ^  per 
cent. 

Theoretically  it  should  be 

0-00073H-0-625  =  00012. 

The  above  combination  is  now  used  as  an  iron  gravity  bat- 
tery, and  the  change  in  its  E.  M.  F.  with  a  sudden  change  of 
the  temperature  of  the  room  had  attracted  my  attention  before 
I  had  investigated  the  temperature  coefficient.  After  the 
above  iron-copper  cell  had  been  left  standing  for  twenty- four 
hours,  with  a  piece  of  iron  wire  in  the  connecting  tube  of  the 
experimental  cell  to  intercept  the  CuSO^  which  might  diJBfuse 
over,  the  E.  M.  F.  was  found  to  be  0*651  volt  at  l-k^'i  C. ;  and 
for  a  range  of  7*7  degrees  the  temperature  coefficient  was 
0  0012.  This  is  exactly  the  value  obtained  from  theoretical 
considerations. 
♦  Another  case  in  point  is  that  of  the  voltaic  series 

]^i-NiSO,-CuSO,-Cu. 

The  E.  M.  F.  was  quite  variable  and  only  an  approximate 
measurement  could  be  made.  The  temperature  coemcient  was 
positive  and  equal  to  0  0084,  or  over  y®^  per  cent  per  degree  C. 
The  actual  change  in  E.  M.  F.  was  greater  than  this,  for  the 
E.  M.  F.  continued  to  fall  on  standing  and  the  change  by  heat- 
ing was  thus  in  part  masked. 

The  thermal-E.  M.  F.  of  copper — copper  sulphate  is  posi- 
tive, while  that  of  nickel — nickel  sulphate  is  negative.  Hence 
the  temperature  coefficient  of  the  above  series  should  be  posi- 
tive and  equal  to  the  sura  of  the  two  thermal  E.  M.  F.'s.  The 
result  is  positive  but  not  equal  to  the  sum  of  the  two  thermal 

*  Carhart's  Primary  Batteries,  p.  137.       f  Joiimal  de  Physique,  vol.  ix,  p.  229. 


H.  S,  Car  hart — One- Volt  Standard  Cell. 


66 


E.  M.  F.  values.  Perhaps  no  closer  numerical  agreement 
could  be  expected  in  the  case  of  a  variable  E.  M.  F, 

In  the  light  of  the  above  conclusions  and  with  thermo-elec- 
tric data  furnished  by  Bouty  and  by  Chroustchoff  and  Sitnikoff* 
it  is  easy  to  draw  the  conclusion  that  the  temperature  coeffi- 
cient of  the  calomel  cell  should  be  negative  and  of  small  value. 

The  thermo-E.  M.  F.  or  value  of  -=  for  Zn  -  ZnOL-Zn  is 

aT  ' 

given  by  Bouty  as  0*000696 ;  Chroustchoff  and  Sitnikoff  found 
that  of  Hff-Hg,Cl,-ZnCl,-Hg,Cl,-Hg  to  be  000066  be- 
tween 0°  and  6u°  0. 

Hence  the  coefficient  should  be, 

0-00066— 0-000696  =  — 0-000036. 

dE 

dT 

and  Sitnikoff  would  give  a  larger  negative  coefficient  than  the 
above. 

I  have  therefore  investigated  this  subject  to  ascertain  if  this 
case  furnishes  an  exception  to  the  law  of  temperature  coeffi- 


The  value  of  ^  for  zinc  in  zinc  salts  given  by  Chroustchoff 
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cients  already  announced.  The  result  confirms  the  law  and 
shows  Bouty's  result  to  be  in  error  The  determinations  were 
made  by  means  of  the  experimental  cell  in  the  manner  already 
indicated.  Tables  II  and  III  contain  the  observations  which 
are  expressed  graphically  in  the  two  curves  of  fig.  2,  in  which 

A.  relates  to  Zn— ZnCl,— Zn,  Table  II,  and 

B.  to  Hg-Hg,Cl,-ZnCl,-Hg,Cl,— Hg,  Table  III. 

*Comptes  Rendus,  vol.  cviii,  1889,  p.  ^V\. 

Vm.  Joub.  801. — Third  Series,  Vol.  XLVI,  No.  271.— July,  18J)3. 
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Table  1 1. 

1 

Difference  of 

Total  B.  M.  F. 

1 

Temperature. 

in  volts. 

B.  M.  F.  per  degree  C.                1 

49**-0 

•02876 

•000587                            1 

45-5 

•02662 

•000685                            1 

42-9 

•02570 

•000579                           1 

39-4 

• 

•02295 

•000582 

34-8 

•02050 

•000589 

32-4 

•01913 

•000590 

28-9 

•01668 

•000577 

261 

•01499 

•000574 

22-5 

•01301 

•000578 

18-0 

•01040 

•000580 

12-6 

•00750 

•000595 

10-6 

•00612 

•000577 

8-4 

•00490 

•000583 

Mean, 

+  •000584 

Table  III. 

Difference  of 

Total  E.  M.  F. 

Temperature. 

in  volts. 

E.  M.  F.  per  degree  C. 

47°-8 

•03314 

•000693 

45-4 

•03146 

•000693 

42-8 

•02949 

•000689 

39-4 

•02706 

•000686 

37-1 

•02554 

•000688 

34-4 

•02340 

•000680 

32-1 

•02174 

•000677 

28-2 

•01928 

•000687 

25-6 

•01729 

•000675 

23-1 

•01561 

•000675 

20-1 

•01353 

•000673 

16-8 

•01125 

•000669 

13-2 

•00882 

•000668 

10-9 

•00730 

•000669 

7-4 

•00517 

•000698 

Mean, 

+  •000681 

Both  of  these  thermal  E.  M.  F.'s  are  positive.  The  tempera- 
ture coefficient  should  therefore  be 

0000681--0-000584  =  0^000097  as  a  mean. 

This  corresponds  very  closely  indeed  with  the  value  found 
by  observation  on  a  one-volt  cell.  It  will  be  observed  that  it 
is  only  necessary  to  take  the  difference  of  the  above  electro- 
motive forces  to  obtain  the  temperature  coefficient,  since  the 
E.  M.  F.  of  the  cell  is  one  volt.     The  coefficient  is  positive 

because  the  value  of  -=  for  the  positive  side  of  the  cell  is  in 

Cv  X 

excess  of  that  for  the  negative  side. 
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Abt.  X.— Cross  Roads  Meteorite;  by  Edwin  E.  Howell. 

Last  September  I  purchased  from  Mr.  B.  E.  Baroes  of 
Boyett,  N.  C.  (who  secured  it  of  the  finder  about  three  weeks 
after  it  fell),  a  small  aerolite  which  ie  here  figured.  It  fell  in 
the  early  morning  about  five  o'clock,  May  24th,  1892,  in  the 
township  of  Cross  Roads,  Wilson  Co.,  N.  C,  and  was  seen  by 
a  young  man  named  Gray 
BasB,  who  was  only  about  two 
hundred  feet  distant.  He 
seems  to  have  been  fright- 
ened by  the  sight  and  sound 
and  waited  two  or  three  hours 
before  going  to  the  spot. 
With  a  stick  he  then  dug  up 
the  meteorite,  which  pene- 
trated 4  or  5  inches  into  the 
packed  bat  sodded  earth  close 
by  a  road  bed.  Young  Bass 
also  states  that  some  of  the  grass  near  the  spot  whs  dead  and 
looked  as  if  killed  by  fire !  He  further  says  that  he  thought  the 
meteorite  came  from  the  northwest.  Frooa  the  testimony  of 
others  who  heard  it,  however,  it  seems  undoubtedly  to  have 
come  from  exactly  the  opposite  direction,  having  been  heard  as 
far  away  as  eighteen  miles  in  a  S.  E.  direction.  Among  those 
who  heard  it  was  a  colored  boy  one  quarter  of  a  mile  to  the 
S.  E.,  Mieajoh  Hales,  four  to  six  miles  to  the  S.  E.  who  describes 
the  noise  as  "somewhat  like  thundei;  accompanied  by  lesser 
sounds  like  the  report  of  pistols  or  the  snapping  of  burning 
reeds,"  Another  man,  Edward  S.  Dees,  distant  five  or  six  miles 
nearly  south,  wrote  in  answer  to  my  inquiries,  that  one  clear 
morning  before  sunrise  sometime  in  May  he  was  in  the  open 
field  and  heard  a  peculiar  noise  which  lasted  a  quarter  of  a  min- 
ute and  sounded  like  "a  freight  train  crossing  a  trellis" — 
thought  it  came  from  the  S.  W.  Wm.  E.  Scott,  about  eighteen 
miles  to  the  S.  E.,  writes  that  before  sunrise  on  the  24th  of  May 
he  and  a  neighbor  heard  a  noise  "  something  like  a  sky  rocket 
bnt  more  like  thunder  which  went  off  in  a  northern  direction." 
Mr.  Barnes  sent  the  stone  first  to  the  National  Museum  and 
a  fragment  weighing  4^  grams  was  broken  off.  With  the  ex- 
ception of  this  piece  nothing  has  been  taken  from  it  since  it  was 
picked  up ;  several  small  chips  however  were  broken  off  before 
it  reached  the  ground  and  the  broken  surface  partly  crusted 
again.  It  now  weighs  157  grams  and  it  wouid  probably  have 
weighed  about  200  grams,  if  it  had  reached  the  earth  unbroken. 
The  thick  even  crust  coating  the  meteorite  indicates  that  it 
was  a  complete  individual  and  not  one  of  a  showev,  T\ie 
freshly  broken  surface  is  of  the  usual  gray  color  and  ftie  etavm- 
tnre  ia  cbondritio.  The  dimensions  of  the  stone  are  l,  ^  siai  'i\ 
inches.  The  speciSo gravity  is  3-67,  which  is  BOme'«\va\,  gxeaXAt 
Hon  most  meteorites  of  this  class,  indicatina  a  \\ti\e  mote  wou. 

J  rtoD..Tnnn19     loao  " 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Study  of  Chemical  Beactions  by  means  of  the  Re- 
fractive Index. — It  has  been  shown  by  FijRY  that  the  occurrence 
of  chemical  changes  in  solution  may  be  detected  and  studied,  by 
comparing  the  refractive  indices  of  solutions  containing  two  sub- 
stances which  are  capable  of  acting  one  on  the  other,  with  those 
calculated  on  the  assumption  that  the  observed  index  is  the  mean 
of  the  indices  of  the  two  constituents.  In  a  solution  containing 
sodium  hydroxide  and  nitric  acid  for  example  it  was  observed 
that  the  maximum  deviation  of  the  experimental  from  the  calcu- 
lated values  occurred  in  a  solution  containing  8  parts  of  NaOH 
and  12-Cl  parts  of  HNO3  in  100  of  water,  the  ratio  12-3 1/8-00 
being  nearly  equal  to  that  of  HNOj/NaOH.  When  alkalies  are 
mixed  with  sulphuric  acid,  there  are  two  points  at  which  changes 
of  the  refractive  index  occur  in  the  curve,  one  corresponding  with 
a  mixture  that  would  form  an  acid  salt,  the  other  to  one  that 
would  form  the  normal  salt.  In  the  case  of  phosphoric  acid  the 
curve  has  three  such  points.  In  cases  where  no  chemical  action 
occurs,  the  observed  and  calculated  values  for  the  indices  of  re- 
fraction are  found  to  coincide,  the  curve  for  the  refractive  indices 
of  such  mixtures  being  a  continuous  straight  line.  Moreover,  the 
author  has  observed  certain  other  slight  breaks  and  changes  in 
the  refractive-index  curve,  which  he  attributes  to  the  formation 
of  special  hydrates  by  the  union  of  water  with  the  substances 
under  examination.  In  the  case  of  sulphuric  acid,  a  special  study 
showed  that  such  breaks  occurred  with  solutions  corresponding 
to  hydrates  of  H^SO^  Tf ith  one,  one  and  a  half,  two  and  four 
molecules  of  water  respectively. —  (7.  i?.,  cxv,  1309 ;  J,  Cliem.  Soc, 
Ixiv,  ii,  201,  May,  1893.  G.  F.  b. 

2.  0?i  the  Preparation  of  Chlorine  by  means,  of  Nitric  Acid 
and  Manganese  dioxide. — Several  years  ago  Schlosing  proposed 
a  process  for  preparing  chlorine  by  acting  on  hydrochloric  acid 
with  manganese  dioxide  and  nitric  acid ;  the  reaction  taking 
place  according  to  the  equation  : 

MnO,  +  (HCl),  +  (HNO,),=  Mn(NO,),  +  (£1,0),  +  CI, 

and  evolving  theoretically  the  whole  of  the  chlorine  contained  in 
the  hydrogen  chloride.  In  practice,  using  the  dioxide  and  the 
hydrochloric  acid  (sp.  gr.  1*1 84)  in  the  proportion  given  in  the 
equation,  and  nitric  acid  (sp.  gr.  1'4245)  in  excess  to  the  extent  of 
75  per  cent,  a  yield  of  98-99  per  cent  of  the  calculated  quantity 
of  chlorine  is  obtained.  To  the  acid  mixture  one-seventh  of  its 
volume  of  water  is  added  and  the  whole  is  heated  to  135°. 
LuNGK  and  Prkt  have  studied  this  reaction  more  completely. 
They  find  that  the  resulting  manganese  nitrate  may  be  entirely 
converted,  by  heating,   into  manganese  dioxide  and  the  lower 
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oxides  of  nitrogen ;  the  reaction  beginning  somewhat  suddenly 
and  vigorously,  about  ISO^-IQO**  and  being  completed  at  250°  in 
a  proportionately  shorter  time.  The  evolved  nitrogen  oxides,  by 
mixture  with  air  and  conduction  into  water  are  re-con veited  into 
nitric  acid.  But  this  regeneration  is  never  complete ;  even  when 
conducted  at  the  ordinary  temperature  or  in  fact  at  a  lower  one. 
Moreover,  since  there  is  also  a  loss  of  nitric  acid  during  the  evo- 
lution of  the  chlorine — though  in  what  form  is  doubtful,  a  portion 
probably  escaping  as  nitrosyl  chloride — the  authors  conclude  that 
owing  to  this  considerable  loss  of  nitric  acid,  amounting  at  least 
to  10  per  cent  and  perhaps  to  16  per  cent  of  the  acid  use<l,  the 
chlorine  method  of  Schlosing,  commercially,  has  material  disad- 
vantages.— Ber,    BerL  Chem,  Ges,^  (Rel.)   xxvi,  309,  May,  1893. 

G.  F.  B. 

3.  On  Complex  Acids  containing  Septivalent  Iodine, — Blom- 
STRAND  has  described  certain  complex  inorganic  acids  containing 
the  quinquivalent  group  10  of  periodic  acid,  analogous  to  the 
trivalent  group  PO  in  phosphoric  acid.  These  acids  are  classed 
as  monomolybdoperiodic  acid  lO(OH)  .  O  .  MoO, .  OH,  tetra- 
molybdoperiodic  acid  .  I0(0H)3(0  .  MoO. .  O  .  MoO, .  OH),  and 
hexamolybdoperiodic  acid  IO(OH),(0  .  MoO, .  O  .  MoO, .  OH).. 
The  hexamolybdoperiodates  were  prepared  by  heating  periodic 
acid  or  the  corresponding  periodate  with  molybdic  acid  and  the 
carbonate  of  the  same  metal,  in  aqueous  solution,  until  the  whole 
had  dissolved,  and  then  allowing  crystallization  to  take  place 
spontaneously.  In  some  cases  a  dilute  solution  of  the  acid  itself 
was  prepared  from  a  mixture  of  penodic  acid  and  barium  molybdate 
by  adding  sulphuric  acid,  and  this  solution  was  then  neutralized  by 
a  metallic  carbonate.  The  acid  solution  on  evaporation  yielded  a 
transparent  amorphous  mass  with  no  trace  of  crystallization. 
The  sodium  salt  crystallizes  with  (H,0)^^  in  rhombohedron?,  and 
with  (H,0)j3  in  triclini(?  prisms;  the  hydrogen  potassium  salt 
crystallizes  with  (H,0)  in  four  or  six  sided  triclinic  plates;  and 
the  lithium  salt  Li^MojO,^(H,0)^j  crystallizes  in  rhombohedrons. 
The  ammonium  and  the  calcium  salts,  and  also  double  salts  of 
strontium-sodium,  barium-sodium  and  manganese-sodium  are  de- 
scribed. By  treating  the  ammonium  salt  of  the  hexa-acid  with 
ammonia,  the  tetramolybdoperiodate  is  obtained ;  and  by 
treating  the  sodium  salt  similarly,  ammonium-sodium  mono- 
molybdoperiodate  is  prepared  crystallizing  in  quadrangular 
triclinic  plates  containing  four  molecules  of  water. — Zeitschr, 
anorg,  Chem,  i,  10;  J,  Chem,  Sac,  Ixiv,  (ii),  122,  March,  1893. 

G.  F.  B. 

4.  On  the  Refractive  Indices  of  liquid  Oxygen^  Nitrogen 
Monoxide  and  Ethylene  ;  and  on  the  Spectrum  of  liquid  Oxygen, — 
LiVEiNG  and  Dewar  have  determined  the  constant  of  refraction 
(//„— l)/e?  for  oxygen  at  its  boiling  point  —182°  and  found  it  to 
DC  0"1989,  it  refraction-equivalent  at  this  temperature  being  3*182. 
Using  the  formula  (^x^  —  \)l(ix^-\-2)d^  the  corresponding  values  are 
0'126o  and  2*024.     Liquid  nitrogen  monoxide  at  —90°  gives  lor 
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the  valueof  (li^—lV^,  0-2634, and  for  ()u'— l)/()u'+2)</,  0-163;  tbe 
molecular  refraction-equivalents  being  11-587  and  7*163  respec- 
tively. Ethylene  at  —100*  gives  0-627  for  the  value  of  (^^—\)ld 
and  0-384  for  (/i*— l)/(/i'4-2)df/  the  corresponding  numbers  for 
gaseous  ethylene  being  0*578  and  0-385.  By  viewing  the  incan- 
descent pole  of  the  electric  arc  through  a  column  of  three  inches 
of  liquid  oxygen,  with  a  spectroscope  having  two  calcite  prisms 
of  30°  and  one  of  60°,  the  red  potassium  lines  being  used  as  ref- 
erence lines,  the  authors  have  obtained  the  absorption  spectrum 
of  this  element.  In  place  of  the  solar  line  A,  a  band  was  observed 
having  a  sharp  edge  on  ihe  less  refrangible  side  and  fading  away 
gradually  on  the  more  refrangible  side.  The  sharp  edge  did  not 
coincide  with  the  sharp  edge  of  A,  the  wave  length  being  about 
7660.  No  band  corresponding  with  B  was  observed  but  through 
a  thickness  of  6  inches  of  liquid  oxygen  a  faint  band  appeared 
which  had  precisely  the  same  character  as  A,  the  wave  length 
of  its  sharp  edge  being  6905.  Liquid  oxygen  is  distinctly  blue, 
this  color,  apparently  not  being  due  to  ozone.  Ozone  at  alow 
temperature  explodes  with  great  violence..— -i^AtV.  Mag,,  V,  xxxiv, 
205,  March,  1893.  G.  F.  b. 

5.  On  the  Production  of  Hydrogen  Peroxide  in  the  Electro- 
lyis  of  Sulphuric  acid, — Kueiloff  has  investigated  the  produc- 
tion of  hydrogen  peroxide  and  of  persulphuric  acid  when  dilute 
sulphuric  acid  of  different  strengths  is  electrolyzed.  He  employed 
for  this  purpose  an  apparatus  which  permitted  the  separate  col- 
lection ot  the  products  formed  at  the  two  electrodes.  The  hydro- 
gen peroxide  was  determined  by  titration  with  potassium  perman- 
ganate and  the  persulphuric  acid  by  adding  a  known  quantity  of 
ferrous  salt  to  the  solution  and  titrating  back  with  potassium 
permanganate.  The  results  of  his  experiments  are:  (1)  The 
quantity  of  hydrogen  peroxide  formed  is  very  small ;  (2)  hydro- 
gen peroxide  and  persulphuric  acid  maybe  simultaneously  formed 
at  both  electrodes,  but  the  peroxide  is  not  always  accompanied 
by  persulphuric  acid ;  (3)  the  formation  of  both  products  is 
intimately  connected  with  the  concentration.  Persulphuric  acid 
only  appears  when  the  solution  contains  over  1  per  cent  of  sul- 
phuric acid ;  hydrogen  peroxide  when  the  concentration  is  over 
one  per  cent ;  (4)  mixtures  containing  3,  47  and  73  per  cent  of 
acid  respectively  behave  differently  from  other  mixtures  with 
regard  to  the  amount  of  peroxide  formed  when  they  are  electro- 
lyzed. This  is  considered  by  the  author  to  be  due  to  the  fact 
that  the  composition  of  these  solutions  approximates  to  that 
required  by  the  hydrates  containing  (H^O),^^,  (H^O)^  and  (H,0), 
to  each  molecule  of  H^SO^,  since  according  to  Mendei^eff" all  these 
hydrates  exist  in  solution. — J,  Soc,  Chim,  Pusse,  xxiii,  235  ;  J] 
C'hem,  Soc.  London,  Ixiv,  (ii),  108,  March,  1893.  g.  f.  b. 

6.  On  the  Preparation  of  Pure  Phosphoric  oxide, — As  usu- 
ally prepared,  phosphoric  oxide  always  contains  more  or  less  of 
the  lower  oxides  mixed  with  it.  Shenstone  and  Beck  have 
proposed  to  obtain  it  pure,  by  passing  it  in  vapor  mixed  with 
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oxygen,  over  platinum  sponge.  For  this  purpose  a  piece  of  com- 
bustion-tube about  90°™  long  and  2°°*  in  diameter,  is  divided  into 
two  nearly  equal  chambers  by  a  constriction,  a  small  lateral  tube 
rising  from  the  constricted  portion.  Immediately  beyond  this 
t^e  tube  is  packed  with  fragments  of  platinum  sponge ;  and  on 
the  other  side  of  it  is  placed  a  large  platinum  boat  containing  the 
phosphoric  oxide  previously  compressed  into  cylinders.  The 
platinum  sponge  is  heated  to  redness  and  a  current  of  oxygen  is 
supplied  at  the  end  of  the  tube  and  also  at  the  middle  by  the 
lateral  tube  above  mentioned.  The  sublimed  product  is  received 
in  a  tube  sliding  into  the  combustion -tube  near  its  end,  from 
which  it  is  pushed  into  a  well  dried  bottle.  As  thus  prepared, 
the  phosphoric  oxide  no  longer  reduces  a  solution  of  silver-nitrate 
nor  one  of  mercuric  chloride.  Nor  does  its  solution  on  evapora- 
tion and  ignition  give  the  odor  of  phosphine.  It  doubtless 
contains  a  little  metaphosphoric  acid.  The  authors  find  that  the 
last  traces  of  the  lower  oxides  are  not  removed  by  this  roasting 
in  oxygen  even  for  weeks. — J,  Chem,  Soc.^  Ixiii,  475,  April,  1893. 

6.  F.  B. 

7.  On  the  Constitution  of  Hydroxylamine, — In  view  of  the 
fact  that  hydroxyl  compounds  of  nitrogen  give  up  more  or  less 
readily  the  elements  of  water  to  form  new  nitrogen  compounds, 
KoLOTOFF  has  sought  by  acting  on  hydroxylamine  with  ammonia 
to  bring  about  the  reaction  NH, .  0H-i-NH3=N,H^  +  H,0.  It 
was  found,  however,  that  this  reaction  did  not  take  place  even 
when  the  two  substances  were  heated  together  at  100°  for  24 
hours.  He  therefore  concludes  that  free  hydroxylamine  contains 
no  hydroxyl  and  that  its  formula  should  be  H,N  :  O.  Moreover, 
it  is  known  that  when  a  salt  of  hydroxylamine  is  treated  with  a 
solution  of  bromine  in  an  excess  of  strong  sodium  hydroxide  only 
half  its  nitrogen  is  evolved  in  the  free  state,  the  other  half  being 
probably  oxidized  to  acid,  according  to  the  equation: 

(NH.0),=NH3+HN0+H,0 

the  ammonia  itself  being  subsequently  oxidized.  To  test  this 
view  the  author  oxidized  in  the  cold  a  weighed  quantity  of  a 
hydroxylamine  salt,  dissolved  in  a  large  excess  of  NaOH,  with 
the  theoretical  quantity  of  bromine  required  by  the  above  equa- 
tion. After  removal  of  the  excess  of  soda  the  solution  was  pre- 
cipitated with  copper  sulphate,  the  precipitate  collected,  dried 
and  weighed.  Its  mass  was  4-9^'''"*  that  required  by  theory  being 
4.3grm8.  corresponding  to  the  formula  Cu(N0)3.  H^O.  It  does 
not  lose  weight  when  heated  to  136°  but  blackens  when  treated 
with  soda.  The  author  considers  it  to  be  the  dihydrogen  cupric 
salt  of  an  acid  H^N^O,  which  he  calls  "  pyrohyponitrous  acid." 
Hydroxylamine  sulphate  loses  weight  at  125°-130°,  very  rapidly 
JEit  136°,  the  maximum  loss  being  28*4  per  cent.  The  ratio  be- 
tween the  nitrogen  and  sulphur  in  the  residue  seems  to  suggest 
formation  of  salts  of  both  N^H^  and  N^H,. — J,  Sac.  Chim,  Russe^ 
xxiii,  3;  X  Chem,  Soc.  London^  Ixiv,  (ii),  114,  March,  1893. 

G.  F.  B. 
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8.  Chromophotography. — M.  Mabbt,  continuing  bis  Btadies 
upon  the  application  of  instantaneous  photography  to  the  investi- 
gation of  the  motion  of  swimming  animals,  has  devised  a  special 
H>rm  of  apparatus  which  he  believes  will  prove  of  great  utility  in 
experimental  hydrodynamics.  A  tank  is  filled  with  water  in 
which  is  suspended  a  number  of  small  bodies  consisting  of  a  mix- 
ture of  wax  and  rosin  which  are  silvered.  The  density  of  the 
water  is  then  suitably  modified  by  the  addition  of  salt  or  other 
substance,  in  order  that  the  small  bodies  may  be  disseminated 
throughout  the  liquid.  The  side  of  the  tank  has  a  backing  of 
black  velvet  and  light  is  reflected  into  the  water  by  means  of 
suitably  placed  mirrors  thus  illuminating  the  suspended  particles. 
Interesting  reproductions  of  photographs  are  giveUi — Comptes 
HenduSy  May  1,  1893,  pp.  913-924.  j.  t. 

9.  Heflection  of  JElectrical  Waves  at  the  extremity  of  a 
linear  Conductor, — Mr.  Birkeland  points  out  the  applicability  of 
Poyn ting's  theories  for  the  explanation  of  the  resonance  phenomena 
discovered  by  Hertz.  The  electromagnetic  energy  in  the  field 
surrounding  the  conductor  moves  in  space  in  a  direction  normal  to 
the  lines  of  electric  force  and  magnetic  force  at  each  point.  By 
considering  this  theorem,  Birkeland  is  led  to  an  explanation  of 
multiple  resonance,  and  to  the  various  discrepancies  between 
theory  and  experiment  noticed  by  those  who  have  studied  the 
Hertz  phenomena. —  Comptes  liendus^  April  17, 1893,  pp.  803-806. 

J.  T. 

10.  Electrical  Waves  and  light  waves, — V.  Bjerknks  finds  that 
the  extinction  power  of  metals  for  electrical  waves  increases  with 
good  conductors.  It  also  increases  with  the  magnetism  of  the 
conductor.  The  swifter  the  electrical  waves  the  less  distance  do 
they  penetrate  into  the  conductor.  The  author  points  out  various 
discrepancies  between  the  electromagnetic  theory  of  light,  the 
ordinary  theory,  and  believes  that  electrical  waves  represent  the 
motion  of  molecules  as  a  whole,  while  the  ordinary  light  waves 
deal  with  the  motion  of  individual  molecules.  He  also  believes 
that  a  study  of  the  action  of  very  quick  electrical  oscillations  on 
magnetic  molecules  will  fix  a  limit  to  the  inertia  ratio  of  an  iron 
molecule. — Anii,  der  Physik  und  Chemie,  No.  4,  1893,  pp.  592- 
605.  J.  T. 

1 1.  New  Electrometers, — Bjkrknks  has  described  a  new  electro- 
meter which  he  has  used  in  his  researches  on  Hertz  phenomena ; 
it  consists  of  a  thin  plate  of  aluminum  suspended  at  an  angle 
of  45°  between  thin  plates  of  an  air  condenser.  When  the  latter 
are  connected  with  the  poles  of  a  Ruhrakorf  coil  the  aluminum 
plate  tends  to  set  in  the  line  of  electrical'force  between  the  plates. 
A  simple  formula  connects  the  angle  of  turn  of  the  plate  with  the 
difference  of  potential  of  the  terminals  or  plates  of  the  air  con- 
densers. C.  Christiansen  suspends  two  plates  separated  by  mica, 
by  suitable  wire,  between  the  plates  of  an  air  condenser.  When 
the  latter  are  maintained  as  a  certain  difference  of  potential,  the 
suspended  plates  tend  to  turn  so  as  to  place  themselves  at  right 
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angles  to  the  lines  of  force  between  the  condenser  plates.  The 
author  gives  the  simple  theory  and  examples  of  the  working  of 
the  new  instrument. — Ann»  der  Physik  und  Chemie,  No.  4,  1893, 
pp.  592-606,  pp.  726-733.  j.  T. 

12.  Magnetic  Properties  of  Liquid  Oxygen.-^ ki  a  discourse 
delivered  before  the  Royal  Institution,  Professor  Dewar  exhibited 
a  pint  of  liquid  oxygen.  The  temperature  of  the  liquid  oxygen 
at  atmospheric  pressure  was  180°  C.  Reference  was  made  to  a 
remarkable  experimental  corroboration  of  Lord  Kelvin  and  Pro- 
fessor Tait's  thermo-electric  diagram  for  low  temperatures.  If 
lines  of  copper  and  platinum  were  prolonged  in  the  direction  of 
negative  temperature  they  should  intersect  at  —95°  C.  Similarly 
copper  and  palladium  lines  would  cut  one  another  at  — 170°  C.  If 
the  diagram  is  correct  the  E.  M.  F.  of  the  thermo-electric  junction 
of  these  pairs  of  metals  should  reverse  at  these  points.  A  Cu-Pt 
junction  connected  to  a  reflecting  galvanometer  was  placed  in 
oxygen  vapor  and  cooled  down.  At  —100°  C.  the  spot  of  light 
stopped  and  reversed.  A  Cu-Pd  junction  placed  in  a  tube  con- 
taining liquid  oxygen  gave  a  reversal  at  —  1 70°  C.  Liquid  oxygen 
is  a  non-conductor  of  electricity.  A  spark  taken  from  an  induction 
coil  one  millimeter  long  in  the  liquid  requires  a  potential  equal  to 
a  striking  distance  in  air  of  25"™.  Thus  oxygen  is  a  high  insu- 
lator. The  magnetic  moment  of  liquid  oxygen  is  about  1000, 
when  the  magnetic  moment  of  iron  is  taken  as  1,000,000.  Be- 
tween the  poles  of  the  magnet  all  the  liquefied  air  went  to  the 
poles,  there  was  no  separation  of  the  oxygen  and  nitrogen. 
Liquid  air  has  the  same  high  insulating  power  as  liquid  oxygen. 
At  —200®  C.  the  molecules  of  oxygen  had  only  one-half  of  their 
ordinary  velocity,  and  had  lost  three-fourths  of  their  energy. 
Liquid  oxygen  had  no  action  upon  a  piece  of  phosphorus  and 
potassium  or  sodium  dropped  into  it.  A  photographic  plate 
placed  in  liquid  oxygen  could  be  acted  upon  by  radiant  energy 
and  at  a  temperature  of  —200°  C.  was  still  sensitive  to  light. 
Professor  M'Kendriek  had  tried  the  effect  of  low  temperatures 
upon  the  spores  of  microbic  organisms  by  submitting  in  sealed 
glass  tubes  blood,  milk,  flesh,  and  similiar  substances  for  one  hour 
at  a  temperature  of  —182°  C.  and  subsequently  to  a  temperature 
of  blood  heat.  The  tubes  on  being  opened  were  all  putrid.  Seeds 
also  withstood  a  similar  amount  of  cold.  These  experiments 
proved  the  possibility  of  Lord  Kelvin's  suggestion  that  life  may 
have  been  brought  to  the  newly  cooled  earth  upon  a  seed-bearing 
meteorite. — Nature^  May  25,  1893,  pp.  89-91.  j.  t. 

13.  Specific  Heat  of  Liquid  Ammonia, —  Dr.  Hans  von  Strom- 
beck  has  called  the  attention  of  the  editors  to  the  paper  by  him- 
self in  volume  cxxx  of  the  Journal  of  the  Franklin  Iiistitute  (Dec. 
1890,  p.  467)  in  which  he  gives  a  detailed  account  of  his  deter- 
mination of  the  specific  heat  of  liquid  ammonia.  The  mean 
result  obtained  was  1*22876.  This  result  should  properly  have 
been  referred  to  in  the  paper  upon  the  same  subject  published  in 
our  March  number  of  this  year,  page  200. 
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14.  On  the  value  of  the  meter  in  English  inches ;  by  C.  B. 
CoMSTOCK,  U.  S.  A.  (Communicated). — In  April  1886  I  reada 
paper  before  the  National  Academy  of  Sciences  in  which  the 
value  of  the  meter  in  terms  of  the  yard  was  given,  as  derived 
from  comparisons  of  a  meter  (R  1876)  and  Clarke  yard  A,  both 
formerly  belonging  to  the  U.  S.  Lake  Survey.  This  value  was, 
meter  =393699  inches. 

A  note  from  Dr.  Benoit  of  the  International  Bureau  of  Weights 
and  Measures  of  27  March  1893,  gives  the  value  of  the  Toiseof 
Bessel  in  terms  of  the  meter,  from  Dr.  Benoit's  comparisons :  of 
Toise  No.  10  in  terms  of  the  Toise  of  Bessel  from  Peter's  com- 
parisons and  of  Toise  No.  10  in  terms  of  the  yard  from  Clarke's 
comparisons:  the  resulting  value  of  the  meter  is, 

Meter=39-3699  inches. 

These  equal  results  obtained  through  independent  routes,  indicate 
that  this  value  has  a  high  degree  of  accuracy. 

Army  Building,  New  York  City, 
May  17,  189H. 

lb.  A  ShidenVs  Manual  of  a  Laboratory  Course  in  Physical 
Measurements;  by  Wallace  Clement  Sabine.  126  pp.  Boston, 
1893.  (Ginn  &  Co.). — This  little  manual  is  of  special  interest  as 
detailing  the  series  of  72  experiments  given  in  the  prominent 
Physics  course  at  Cambridge  as  also  at  the  Harvard  summer 
school.  As  given  in  the  college,  it  requires  about  180  hours  from 
the  student  in  the  laboratory  with  the  requirement  of  one  half 
as  much  time  given  to  outside  study. 


II.    Geology  and  Mineralogy. 

1.  The  Tertiary  Revolution  in  the  Topography  of  the  Pacific 
Coast ;  abstract  of  a  paper  read  Mav  10th,  1893,  by  J.  S.  Dilleb 
before  the  Geological  Society  of  Washington,  t>.  C.  A  prelimi- 
nary study  of  the  ancient  plains  and  peneplains  of  erosion  in 
Northern  California  and  the  distribution  of  the  associated  sedi- 
mentary formations  laid  down  upon  their  borders,  as  well  as  of 
the  large  masses  of  the  auriferous  gravels  deposited  upon  their 
gentle  slopes,  has  thrown  much  light  upon  the  condition  of  that 
region  during  the  Eocene  and  early  Neocene.  It  has  afforded  a 
basis  for  estimating  the  amount  ot  elevation  which  the  northern 
end  of  the  Sierra  Nevada  has  experienced  since  the  close  of  the 
Miocene.  In  the  Lassen  Peak  region  strata  which  were  laid  down 
during  the  Miocene  in  an  estuary  have  since  been  i*aised  in  one 
place  to  3400  and  in  another  to  4000  feet  above  the  sea.  The 
amount  of  elevation  in  that  district  increases  southward  and  at 
the  northern  end  of  the  Sierra  Nevada  the  upheaval  has  been  at 
least  4000  feet  and  probably  over  5000  ieet.  The  Klamath 
mountains  and  Coast  range  have  been  even  more  profoundly 
affected  by  the  same  movement. 
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2.  On  Umatella  gracilis;  by  C.  B.  Davenport.  Bulletin 
Mus.  Comp.  Zool.,  vol.  xxiv,  No.  1,  pp.  1-44,  plates  1-6,  1893. — 
This  little  known  and  aberrant  Bryozoan  has  been  made  the  sub- 
ject of  special  study  by  Mr.  Davenport.  It  was  first  noticed  by 
Leidy  in  1851,  and  later  (1870  and  1884)  further  observations  on 
its  anatomy  and  physiology  were  made  by  him.  The  anatomy 
and  non-sexual  reproduction  are  now  more  fully  described,  and 
the  following  important  conclusions  are  reached  :  UrnateUa  is 
closely  related  to  Pedicellina.  The  Endoprocta  are  more  primi- 
tive than  the  Ectoprocta,  as  the  latter  pass  througli  stages 
resembling  the  adult  condition  of  the  former.  The  Endoprocta 
bear  only  a  superficial  resemblance  to  Phoronia.  The  true 
relationships  of  the  Bryozoa  are  with  the  lowest  worms,  particu- 
larly with  the  Rotifera.  The  Bryozoa  and  Rotifera,  together 
with  the  Mollusca,  came  from  one  phylum,  and  *' after  the  Rotifer 
stem  had  branched  off,  the  common  Mollusco-Bryozoan  stem  pro- 
duced tentacles  on  the  lateral  ridges;  that  the  two  groups  then 
soon  separated,  the  mollusca  to  undergo  an  extensive  and  com- 
plicated development,  the  Bryozoa  to  remain  at  a  low  level." 

Cy.     £.     B. 

3.  Lehrhuch  der  geologischen  Formations- Kunde^  fur  Studir- 
ende  und  zum  Selbstunterricht,  von  Dr.  Emanuel  Kayser, 
Prof.  Univ.  Marburg.  386  pp.  8vo,  with  many  figures  of  sec- 
tions and  fossils.  Stuttgart,  1891.  (Ferdinand  Enke.)  — A 
concise  yet  detailed  account  of  the  successive  geological  forma- 
tions and  their  characteristic  fossils. 

4.  Mineral  Resources  of  the  United  States — Calendar  year 
1891.  David  T.  Day.  630  pp.  Washington:  1893.— This  is 
the  ninth  volume  of  the  valuable  series  upon  the  Mineral  Re- 
sources of  this  country.  Like  its  predecessors  it  contains  a  large 
amount  of  useful  information,  compiled  so  as  to  be  readily  acces- 
sible. The  article  upon  aluminum  is  especially  full,  and  we  note 
as  of  particular  interest  the  statements  made  in  regard  to  the 
occurrence  of  bauxite  in  this  country,  in  Alabama,  Georgia  and 
Arkansas.  As  quoted  from  Prof.  E.  A.  Smith,  bauxite  has  been 
mined  in  Alabama  since  November,  1891,  and  m  the  year  follow- 
ing some  3600  tons  were  shipped  from  Piedmont,  while  from  Hermi- 
tage, Georgia,  about  1 300  tons  had  been  mined  up  to  July,  1 892. 
The  Alabama  ore  is  stated  to  carry  from  fifty  to  sixty  per  cent 
of  alumina.  It  occurs  associated  with  limonite  and  kaolins  in 
irregular  beds,  beneath  the  Knox  dolomite  of  the  Lower  Silurian. 
The  best  known  occurrences  are  near  Rock  Run  Furnace  in 
Cherokee  Coimty,  and  it  has  also  been  discovered  near  Jackson- 
ville in  Calhoun  County.  J.  W.  Spencer,  State  Geologist,  states 
that  the  Georgia  bauxite  occurs  in  the  residual  clay  from  the 
decomposition  of  the  Knox  dolomite  in  the  belt  commencing  near 
Adairsville  and  extending  to  the  southwest.  It  occurs  in  pockets 
often  of  great  extent  and  is  frequently  associated  with  kaolin, 
and  at  one  locality  with  gibbsitc.  It  is  mainly  in  concretionary 
nodules    forming   large    masses  or   small   kidney-shaped   lumps 
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tcattered  throagh  the  clay.  The  Arkansas  bauxite  oocnrs,  as 
stated  by  Prof.  Branner,  in  the  Tertiary  in  the  neighborhood  of 
emptive  syenite;  it  is  pisolitic  in  stmctnrey  and  Taries  somewhat 
widely  in  color  and  composition.  A  series  of  analyses  from  the 
different  localities  is  also  given  (pp.  152—154). 

5.  Miniralogie  de  la  Franre  et  ««  Colonies^  A.  Lackoix. 
Tome  premier  (Ire  partie).  3o4  pp.  8vo.  Paris,  1893.  (Bandrj 
ei  Cie.). — ^This  is  a  work  of  mnch  valae,  giving  not  only  the  results 
of  earlier  observations,  bat  also  the  many  original  observations, 
especially  on  the  physical  side,  of  the  indefati^ble  author. 
Minute  detail  in  regard  to  special  mineral  localities  is  much 
needed,  but  can  be  given  only  in  a  work  like  this,  which  is  de- 
voted to  a  limited  field. 

6.  Sodcdite-syenite  from  Montana. — ^In  the  paper  upon  this 
subject  by  Lixdgrex  and  Melville,  in  the  April  number,  the 
table  giving  the  composition  of  albite  and  orthoclase  near  the  top 
of  p.  *i96  is  stated  incorrectly.     It  was  intended  to  read  as  follows: 

Albite.  Ortbodase. 

SiO, 68  66 

A1,0, 21  19 

K,0 13 

Na,0-.. II  2 

7.  A  Summary  of  Progress  in  Mineralogy  and  Petrography 
in  1892. — Professor  W.  S.  Batlet's  excellent  notes,  published  in 
the  monthly  numbers  of  the  American  yaturalisty  have  been 
collected  in  pamphlet  form,  as  in  former  years,  and  thus  give  a 
very  convenient  summary  of  the  work  done  in  the  sciences  named 
through  the  year.     A  topical  index  is  added  at  the  end. 

8.  A  large  Australian  Meteorite. — It  is  stated  that  an  enor- 
mous meteorite,  weighing  nearly  one  ton,  from  western  Australia, 
has  been  received  by  Mr.  J.  R.  Gregory,  of  Charlotte  St.,  Fitzroy 
square.  It  is  4  feet  2  inches  long  by  2  feet  3  inches  wide,  and  2 
feet  6  inches  thick. — Knowledge^  May  1st,  1893. 

III.    Botany. 

1.  Plants  of  Orizaba. — We  have  to  note  the  issue  of  a  posthu- 
mous work  by  the  late  Mr.  Seaton,  assistant  Curator  of  the  Gray 
Herberium  of  Harvard  University.  It  comprises  descriptions  of 
his  collections  made  during  a  journey  to  Mexico  by  the  author. 
It  is  published  in  the  Proceedings  of  the  American  Academy, 
Boston.  G.  L.  G. 

2.  Die  natUrllchen  PflanzeJifamilien. — The  eighty-fourth  in- 
stallment of  this  work,  to  which  wc  have  made  frequent  reference, 
is  the  last  one  at  band.  The  publisher,  Wilhelm  Engelmann,  of 
Leipsic,  has  spared  no  pains  to  maintain  from  the  first,  a  very 
high  standard  of  typography  and  illustration.  It  will  be  remem- 
bered that  its  earliest  editor,  Eichler,  died  not  long  after  the 
work  was  well  in  hand.     It  is  now  our  sad  duty  to  announce  that 


Botany.  77 

the  editoral  Btaff  has  sastained  another  loss  in  the  premature 
death  of  Professor  Pra^ntl,  who  passed  away  on  the  24th  of 
February.  Professor  Englbb  will  now  have  entire  charge  of  the 
undertaking.  Althongh  this  additional  care  must  bo  a  heavy 
burden  on  Professor  Engleb,  it  ensures  for  the  volumes  even 
greater  unity  of  design  and  accomplishment  than  is  possible  under 
a  double  editorship.  g.  l.  g. 

3.  liainfaU  and  Leaf-form. — Professor  Stahl  of  Jena  has 
published  some  interesting  studies  which  he  carried  on  at  the 
mountain  station  of  the  Botanic  Garden  at  Biiitenzorg,  Java.  The 
mountain  station  is  at  Tjibodas,  about  4,500  feet  above  sea-level, 
on  a  part  of  the  volcanic  Gedeh.  Ko  one  who  has  seen  the  sud- 
denness with  which  the  rain  which  falls  in  the  tropics  is  disposed 
of  by  the  luxuriant  foliage  of  a  hillside  can  fail  to  be  interested 
in  StahPs  investigation.  Some  of  the  adaptations  are  among  the 
most  interesting  in  the  whole  range  of  vegetable  forms,  especially 
those  which  were  connected  with  the  rapid  drying  of  the  leaf 
itseli'  in  a  comparatively  moist  atmosphere. 

Professor  Stahl  has  also  busied  himself  with  an  examination  of 
some  of  the  means  by  which  tropical  plants  protect  themselves 
against  the  very  heavy  blows  from  rain-drops  in  the  tropics.  A 
good  review  of  the  paper,  which  appears  in  the  Annals  of  the 
Buitenzorg  Garden,  is  given  in  the  10th  number  (May  16)  of 
Botanische  Zeitung,  g.  l.  g. 

4.  Turgescence  and  transpiration  in  fleshy  plants  ;  by  J^phbem 
AuBEBT,  (Ann.  Sc.  Nat.,  vii  Ser.,  T.  16). — The  researches  of  this 
experimenter  have  brought  out  in  a  very  clear  manner  certain  re- 
lations which  exist  between  the  occurrence  of  vegetable  acids  in  * 
some  fleshy  plants  and  their  slow  transpiration.  The  fact  that 
fleshy  plants  possess,  especially  in  the  dark,  a  notable  amount  of 
some  organic  acid,  has  been  long  known.  To  this  acid,  as  it  oc- 
curs in  Crass ulacece,  Mayer  gave  the  name  of  isomalic.  In  this 
Natural  Order,  it  is  associated  with  tartaric  acid  and  tannin.  In 
FicoidecB^  the  acid  is  oxalic,  while  in  Cactacese  there  is  oxalic 
acid  together  with  gums  which  later  differ  in  their  behavior  to 
water,  some  being  soluble,  and  others  merely  swelling  in  water. 

The  author  concludes  that  the  curve  of  water  transpired  by 
different  parts  of  a  fleshy  plant  has  its  minimum  corresponding 
to  the  maximum  content  of  organic  acids  and  gums.  Of  course 
this  resolves  itself  into  the  physical  relations  which  depend  on 
the  effect  of  dissolved  substances  to  retard  evaporation. 

G.  I>.  G. 

5.  On  the  origin  of  Eadogens  from  Exogens, — Rev.  George 
Henslow,  whose  interesting  work  on  the  Origin  of  Floral 
Structures  is  well  known  to  our  readers,  has  a  suggestive  paper  in 
the  May  (15th),  number  of  the  Journ.  of  the  Linnean  Society,  on 
the  vexed  question  of  the  relation  in  point  of  time  between 
dicotyledonous  and  monocotyledonous  orders.  The  subject  is 
discussed  from  histological  and  morphological  points  of  view  and 
the  following  conclusions  are  reached. 
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That  endogens  and  exogens  have  had  some  common  origin  is, 
in  the  first  place,  obvious  from  the  numerous  points  of  agreement 
between  their  organs  and  tissues  generally,  as  shown,  e.  g.,  in  the 
structure  of  their  flowers  and  anatomy  of  their  roots,  etc.;  but 
the  object  of  the  present  paper  was  to  prove  if  possible,  that 
there  was  a  more  special  connection  between  endogens  and  an 
aquatic  habit. 

The   coincidences   in   points   of    structure   between   endogens 
generally  and  the  aquatic,  and  subaquatic  exogens,   as  well  as 
such   exogens  as   may   reasonably  be  supposed  to  have  had  an 
aquatic  ancestry,  are  perhaps  more  numerous  than  the  points  of 
agreement  with  exogens  generally.      Nature   supplies   us   with 
several  "  experimental  verifications  "  in  the  alterations  of  struc^ 
ure  in  amphibious  plants  according  as  they  live  in  water  or  on 
the  land.     These  coincidences  may  be  thought  sufficient  to  prove 
that  endogens  have  in  the  first  place  descended  from  very  early 
types  of  exogens  which  preceded  them ;  and  that,  secondly,  the 
more  immediate  cause  of  their  origin  was  an  aquatic  habit  of  life 
assumed  by  certain  primitive  exogenous  plants. 

To  state  the  process  of  adaptation  in  as  few  words  as  possible, 
one  might  say  that  it  was  effected  by  means  of  the  joint  action  of 
the  external  influences  or  forces  of  the  environment  and  the  in- 
ternal responsive  power  of  living  protoplasm,  so  that  when  a 
terrestrial  and  aerial  plant  is  grown  in  water,  or  a  water-plant  is 
transferred  to  land,  the  direct  action  of  the  new  environment  com- 
pels the  plant  (provided  it  can  survive  the  change),  to  alter  its 
structure  so  that  the  plant  becomes  at  once  adapted  to  the  new 
medium.  The  change  from  land  to  water  brings  on  therefore 
what  may  be  called  adaptive  degenerations  in  every  part  of 
the  plant.  Conversely,  a  transference  from  water  to  land  induces 
a  tendency  to  restore  the  lost  features,  resulting,  it  may  be,  in  a 
greatly  enhanced  and  vigorous  growth. 

Whether  there  were  several  or  few  aquatic  ancestors,  or  only 
one,  the  author  does  not  venture  to  suggest,  although  he  hints  at 
the  likelihood  of  there  having  been  many.  The  difficulty  in 
dealing  with  this  question  lies  in  the  fact  that  at  present  it  is 
impossible  to  trace  affinities  between  the  flowers  of  existing 
endogens  and  those  of  any  existing  orders  of  exogens.  The  con- 
clusions of  this  important  paper  have  been  given  above  substan- 
tially in  the  words  of  the  author,  only  a  few  unimportant  changes 
having  been  made.  \  g.  l.  g. 


IV.    Miscellaneous  Scientific  Intelligence. 

1.  The  American  Association  for  the  Advancement  of 
/Science, — The  next  meeting  of  the  American  Association  for  the 
Advancement  of  Science  will  be  held  at  Madison,  Wisconsin,  from 
August  16th  to  23rd.  The  President  is  Professor  William 
HarknesB. 
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-  This  meeting  is  to  be  preceded  by  the  meeting  of  the  Geologi- 
cal Society  of  America^  which  is  to  be  held  at  Madison  on  the 
15th  and  16th.  It  is  to  be  followed  by  the  World's  Geological 
Congress  to  be  held  at  Chicaeco  during  the  fourth  week  of  August, 
beginning  on  the  24th.  Prof.  T.  C.  Chamberlin  of  the  University 
of  Chicago  is  Chairman  of  the  Committee. 

2.  Australasian  Association  for  the  Advancemeiit  of  Science, 
— The  next  meeting  of  the  Australasian  Association  for  the  Ad- 
vancement of  Science  will  be  held  in  Adelaide,  Sonth  Australia, 
commencing  on  September  25th,  1893.  It  will  be  presided  over 
by  Ralph  Tatb,  F.L.S.,  F.G.S.,  Professor  of  Natural  Science  at 
the  University  of  Adelaide.  The  following  remarks  are  quoted 
from  the  circular  issued,  which  gives  the  details  in  regard  to.  the 
meeting  : — 

At  the  time  fixed  for  the  meeting,  South  Australia  will  be  at  its 
best.  There  is  no  better  time  at  which  to  visit  Australia  than 
when  spring  is  merging  into  summer.  To  naturalists,  this  time 
of  year  is  specially  attractive,  and  these  are  reminded  that  at  the 
meeting  of  the  Association  they  will  come  into  contact  with  men 
of  like  tastes  from  all  parts  of  Australia.  Should  visitors  wish  to 
prolong  their  trip,  they  are  advised  to  visit  during  the  months  of 
October  and  November  the  principal  objects  ot  interest  in  the 
mainland,  and  in  December,  January,  and  February  to  pass  on  to 
New  Zealand  and  Tasmania. 

The  general  Hon.  Secretaries  who  will  give  all  needed  informa- 
tion afe :  Professor  A.  Liversidge,  of  Sydney,  and  Professors 
E.  H.  Rennie  and  W.  H.  Bragg,  of  Adelaide. 

3.  British  Association, — The  next  meeting  of  the  British 
Association  will  be  held  at  Nottingham,  beginning  September 
13th.     The  President  is  Dr.  J.  S.  Burdon-Sanderson. 

4.  Owen  Memorial, — At  a  meeting  of  the  Royal  Society  held 
January  21sty  1893,  it  was  resolved,  that  '^it  is  desirable  that  the 
eminent  services  of  the  late  Sir  Richard  Owen  in  the  advancement 
of  the  knowledge  of  the  sciences  of  Anatomy,  Zoology  and  Paleon- 
tology should  be  commemorated  by  some  suitable  memorial." 
This  memorial  is  to  consist  primarily  of  a  marble  statue  to  be 
placed  in  the  hall  of  the  Natural  History  Museum  in  London. 
The  Trustees  of  the  British  Museum  have  expressed  their  willing- 
ness to  receive  the  statue,  and  donations  to  this  end  are  now 
called  for;  they  may  be  sent  to  the  treasurer,  Sir  William  H. 
Flower,  Natural  History  Museum,  London,  S.  W.  It  is  stated 
that  the  sum  already  contributed  amounts  to  nearly  six  hundred 
pounds. 

5.  Die  Fortentwicklung  der  elektrischen  Eisenhahn-Einricht- 
ungen^  von  L.  Kohlfurst.  296  pp.  12 mo.  Vienna,  Pest, 
Leipzig,  1891.  (A.  Hartleben's  Verlag). — This  little  volume  be- 
longs to  the  electro-technical  library  of  A.  Hartleben,  which  has 
been  repeatedly  noticed  in  these  pages.  It  gives  an  account  of 
the  present  state  of  the  application  of  electricity  to  the  railroad, 
including  the  use  of  signals  of  many  kinds,  of  the  telephone,  and 
many  allied  subjects. 
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6.  Gravity  Research:  Determinations  of  Gravity  with  half- 
second  PendtUums  o?i  the  Pacific  Coast^  in  Alaska  and  at 
Washington^  D,  (7.,  and  Hoboken^  N".  J,;  by  T.  C.  Mbndenhall. 
57  pp.  Washington,  1892,  (U.  S.  Coast  and  Geodetic  Survey), 
Appendix  no.  16.  Report  for  1891. — Professor  Mendenhall  dis- 
cusser here  the  new  half-second  pendulum  and  describes  the  use 
at  several  stations,  showing  the  high  degree  of  accuracy  obtain- 
able with  it.  It  is  also  shown  that  the  free  pendulum  has  a  very 
important  use  as  a  time  standard. 

7.  The  Colors  of  Cloudy  Condensation,  by  Prof.  Cabl  Babus. 
pp.  488-621.  Reprinted  from  the  American  Meteorological  Jour- 
nal, March,  1893.— This  interesting  article  is  a  full  discussion  of  a 
subject  which  the  author  presented  briefly  in  the  February  num- 
ber of  this  Journal  (page  150.) 

8.  Outlines  of  Forestry ;  or  the  elementary  principles  under- 
lying the  Science  of  Forestry.  Being  a  series  of  Primers  of 
Forestry;  by  Edwin  J.  Houston.  254  pp.,  Philadelphia,  1893. 
(J.  B.  Lippincott  Co.). — There  is  certainly  a  most  urgent  call  for 
enlightenment  throughout  this  country  in  regard  to  the  preserva- 
tion and  wise  use  of  our  forests,  and  a  little  book  like  the  one  in 
hand,  which  presents  the  whole  subject  in  so  popular  a  form  as  to 
appeal  to  all  readers,  should  not  fail  to  accomplish  much -good. 

9.  Naples  Zoological  Station, — Attention  is  called  to  the 
announcement  in  the  advertising  sheet,  by  Prof.  Agassiz,  that 
applications  will  be  received  from  candidates  who  desire  to 
occupy  the  table  at  the  Naples  Zoologieal  station,  placed  at  the 
disposal  of  the  faculty  of  the  Museum  of  Comparative  Zoology 
at  Cambridge  from  October,  1893. 

10.  Krant^s  Catalogue  of  Pocks,— T>\\  Krantz  of  Bonn  has 
recently  issued  an  extended  catalogue  containing :  first  a  system- 
atic list  of  rocks  arranged  by  Dr.  W.  Bonhus  and  Dr.  Pohlig  with 
literature  references;  also  lists  of  special  collections  arranged 
according  to  particular  subjects,  and  finally  a  catalogue  of  thin 
sections  of  authentic  specimens  in  large  numbers. 

11.  A  Manual  of  Machine  Drawing  and  Design,  by  David 
Allan  Low  and  Alfred  William  Bevis.  367  pp.  1893,  London 
and  New  York,  (Longmans,  Green  &  Co.). — Students  in  mechan- 
ical engineering  will  find  this  Manual  of  great  assistance.  The 
various  parts  of  machines  of  many  kinds  are  described  here  with 
great  fullness  of  illustration  and  exactness  of  statement,  from  the 
simplest  form  to  the  triple-expansion  engine.  Whether  the  sub- 
ject is  screws,  bolts  and  nuts  or  the  most  complex  boilers,  the 
treatment  is  throughout  admirably  thorough  and  practical. 

12.  The  Ilaicks  and  Owls  of  the  Utiited  States  m  their  Relation 
to  Agriculture.  Prepared  under  the  direction  of  Dr.  C.  Hart 
Merriam,  Ornithologist,  by  A.  K.  Fisher,  M.D.  210  pp.  Wash- 
ington, 1893,  (Government  Printing  Office.) — A  handsomely 
illustrated  work  giving  descriptions  of  the  various  hawks  and 
owls  known  in  the  United  States.  Particular  attention  is  given 
to  the  examinat^n  of  the  stomachs  of  many  of  the  birds  as  show- 
ing the  part  they  play  in  destroying  insects,  rodents,  etc. 
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Art.  XL — The  Use  of  Cupric  Nitrate  in  the  Voltameter^ 
and  the  Etectro-Vhemical  JEquivalent  of  Copper  ;  by  Fred- 
erick E.  Beach. 

[Contributions  from  the  Sloane  Physical  Laboratory  of  Yale  College.] 

Among  the  voltameters  in  common  use  the  silver  voltameter 
gives  results  of  a  very  high  degree  of  accuracy,  but  is  not 
conveniently  used  except  for  comparatively  small  currents. 
On  the  other  hand  the  copper  voltameter  from  the  cheapness 
of  materials  and  facility  of  manipulation  finds  convenient 
employment  in  the  laboratory.  As  ordinarily  used  with  the 
sulphate  of  copper,  it  is  subject  to  certain  irregularities  due  to 
the  attack  of  the  copper  by  the  solution  under  some  condi- 
tions, and  the  oxidation  of  the  metal  in  others.  For  these 
reasons  as  well  as  for  the  fact  that  excellent  deposits  of  metal 
are  obtained  from  the  nitrate  of  copper,  even  with  great  cur- 
rent densities,  it  seemed  probable  that  this  salt  could  be  suc- 
cessfully used  in  the  voltameter.  The  object  of  this  paper  is 
to  show  that  cupric  nitrate  has  some  marked  advantages  over 
the  sulphate.  For  purposes  of  comparison  the  results  and 
conclusions  of  different  experimenters  will  be  passed  in  review. 

Gore*  expresses  the  opinion  that  two  independent  forces  act 
in  the  solution,  one  chemical  the  other  electro-chemical.  The 
action  of  the  former  is  assisted  by  a  rise  of  temperature.  The 
loss  of  the  anode  is  greater  than  the  gain  of  the  cathode,  but 
the  chemical  corrosion  of  the  anode  is  less  than  that  of  a  sepa- 

*  Nature.  March  16,  1882. 
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rate  piece  of  copper  without  a  current.  The  purely  chemical 
corrosion  of  the  cathode  is  more  than  that  of  the  anode.  The 
addition  of  any  considerable  amount  of  sulphuric  acid  had  the 
eflEect  of  diminishing  the  weight  of  copper  deposited. 

Hammerl*  as  the  result  of  a  detailed  investigation  comes  to 
the  following  conclusions : 

I.  No  change  in  the  quantity  of  the  deposit  was  observed 
when  a  blank  platinuih  surface  was  substituted  for  one  which 
had  been  covered  with  a  deposit  of  copper. 

II.  The  change  of  concentration  of  the  solution  caused  by 
the  passage  of  the  current  and  the  polarization  dependent  on 
it  cannot  be  satisfactorily  prevented  by  agitation.  In  boiling 
to  agitate  the  fluid  the  deposit  oxidizes  almost  completely  to 
CuO,  and  partially  indeed  between  40°  and  60°  C. 

III.  The  highest  allowable  current  strength  is  7  amperes 
per  square  decimeter.  The  distance  between  the  plates  should 
not  be  less  than  I'S^"". 

Grayt  finds  that  the  highest  current-density  desirable  is  one 

ampere  to  50  square  centimeters  (  =  0*02  — [- 1.     He  obtains 

Cu 
the  ratio  —r-  =  0  2940  and  for  the  electro-chemical  equivalent 

of    copper    0*0003287  — - — '- when   silver    is    taken   as 

^^  amp.  sec. 

0-001118.  He  remarks  "  This  would  indicate  a  value  not  dif- 
fering much  from  0*0003290."  He  does  not  find  as  did  Gore, 
that  loss  by  chemical  action  is  less  when  the  current  is  flowing 
than  when  it  is  not     Copper  was  dissolved  in  the  sulphate  at 

the  rate  of  0'02      f/-     Addition  of  sulphuric   acid   seemed 

cm .  hr. 

to  retard  the  loss  when  the  density  of  the  solution  was  between 

1-1  and  115. 

Gray:]:   using  a  density  of  the  sulphate  solution  of  1'15  to 

1*18  with  one  per  cent  free   sulphuric   acid   found   that  the 

equivalent  depended  on  temperature  and  current-density  in  a 

manner  which  is  exhibited  by  the  following  table.     The  factor 

10  ~^  has  been  omitted. 


Area  of  cathode  in 

Temperature. 

sq.  cm.  per  ampere. 

2°C. 

12°C. 

23'' C. 

28'' C. 

SS**  C. 

50 

3288 

3287 

3286 

328« 

3282 

100 

3288 

3284 

3283 

3281 

3274 

150 

3287 

3281 

3280 

3278 

3267 

200 

3285 

3279 

3277 

3274 

3259 

250 

3283 

3278 

3275 

3268 

3252 

300  3282  3278  3272  3262  3245 

*  Wien.  Ber.,  (2),  Ixxxviii,  pp.  273-294.        f  P^il.  Mag.,  xxii,  p.  289,  1886. 
X  Phil.  Mag.,  XXV,  p.  179,  1888. 
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V^anni*  found  that  a  solution  of  copper  pulphate  of  density 
1'12  with  one  per  cent  of  free  sulphuric  acid  dissolved  copper, 
while  a  solution  neutralized  with  copper  hydrate  gave  an 
excess.  Combining  a  liter  of  the  normal  solution  with  a  half 
gram  of  that  containing  one  per  cent  of  the  acid  neither  a  gain 
nor  loss  could  be  observed  in  the  weight  of  a  piece  of  copper 
immersed  in  it. 

The  mean  of  six  experiments  with  such  a  solution  showed 

Cu 
—7-^  0-2938,  whence  Cu  equivalent  =  0*0003284:  with  a  cur- 

rent-density  between  0  Oil  and  0  002. 

Cintolesif  observed  that  the  solution  of  a  copper  plate  in 
copper  sulphate  depends  on  the  time  and  the  current  strength. 
In  vacuo  the  amount  of  copper  dissolved  is  less  than  in  air. 
Oxygen  was  believed  to  have  an  essential  influence  on  the 
phenomenon. 

Shaw:|:  using  copper  sulphate,  and  a  current-density  above 

0'026  — ~  found  as  a  mean  of  fifteen  experiments  that  the 


cm 


ratio  of  %z^  was  3-39983  or  Cu  equiv.  =  0*00032886. 
Cu  ^ 

It  thns  appears  that  the  behavior  of  copper  sulphate  had 
been  thoroughly  studied ;  but  no  quantitative  determination 
had  been  made  with  the  nitrate,  as  far  as  the  writer  knows, 
although  it  had  been  stated  by  Smee  and  others,  that  the  nitrate 
would  bear  a  much  greater  current-density  than  the  sulphate. 

The  apparatus  used  in  the  experiments  presently  to  be  con- 
sidered, may  be  briefly  described  as  follows :  the  cathode  was 
made  from  a  piece  of  electrolytic  copper  about  2"^°*  thick,  by 
bending  it  so  as  to  form  three  sides  of  a  rectangle.  This  was 
immersed  in  copper  nitrate  contained  in  a  glass  beaker.  The 
anode  was  usually  a  thin  sheet  of  platinum  though  copper  was 
occasionally  substituted  for  it.  The  former  was  much  pre- 
ferred on  account  of  the  ease  with  which  the  copper  is  re- 
moved by  dipping  in  nitric  acid.  After  rinsing  with  water  the 
platinum  electrode  may  be  dried  by  heating  to  redness  in  a 
bunsen  flame.  The  current  was  measured  by  the  silver  vol- 
tameter when  small,  and  a  Thomson  Balance  in  a  few  instances 
when  the  total  current  was  large.  The  value  of  the  equivalent 
of  silver  used  in  calculating  the  numbers  hereafter  given  was 
0-0011181,  the  mean  of  the  value  0*0011183  found  by  Kohl- 
rausch§  and  0*00111794  the  one  given  by  Kayleigh. 

♦Wied.  Anoal,  x,  p.  214,  1891. 
IPhil.  Mag.,  xxiii,  p.  138,  1887. 
I  PhiL  Trans.,  p.  439,  1884. 


f  Beiblatter,  xvi,  p.  80,  1892. 

§  Wied.  Anna!.,  xxvii,  p.  57,  1886. 
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It  was  found  early  in  the  course  of  the  work  that  when  the 
nitrate  solution  was  freshly  prepared,  it  had  a  tendency  to  dis- 
solve copper,  and  that  this  tendency  which  was  due  to  the 
solvent  action  of  the  solution  itself  or  the  presence  of  a  small 
quantity  of  free  acid,  decreased  after  the  copper  electrode  had 
been  kept  in  the  solution  a  suflBcient  length  of  time,  and  that 
this  lattei^  effect  seemed  to  be  facilitated  by  the  passage  of  the 
current.  On  the  other  hand  another  difficulty  to  be  contended 
with  was  the  oxidation  of  the  copper  deposited  after  the  solu- 
tion had  been  used  too  many  times  or  the  current  was  pushed 
too  far,  causing  in  many  cases  a  darkening  or  even  perceptible 
blackening  of  the  metal.  It  was  however  discovered  that  the 
blackening  due  to  oxidation  could  be  prevented  by  the  addi- 
tion of  a  small  amount  of  ammonium  chloride. 

Experiments  were  now  made  in  which  the  current  density 
was  varied  through  a  considerable  range  with  results  which 
are  given  in  the  following  table  : 


CurreDt-Density 

amperes. 

No. 

Solution. 

cm"^          Cu 

.Eq.xlO' 

1 

CU2NO3  nearly  neutral  without  NH.CI, 

0-035 

3291 

2 

((                        (( 

0-065 

3291 

3 

«                                u 

0-144 

3293 

4 

((                               a 

0-024 

•  3293 

5 

<(                                              iC 

0-83 

3305 

6 

Cu2N0,  with  NH,C1, 

0-114 

3290 

T 

i( 

0074 

3297 

8 

(( 

0-076 

3298 

9 

(( 

0-094 

3299 

10 

« 

C-019 

3290 

11 

<( 

0-048 

3297 

These  values  show  no  dependence  on  the  current-density 
except  No.  5  where  the  large  value  of  the  equivalent  is  best 
accounted  for  by  oxidation  caused  by  the  excessive  current. 
This  deposit  was  badly  fringed  at  the  edge  and  easily  detached. 
Numbers  1-5,  made  by  repeated  use  of  the  same  solution, 
show  more  uniformity  than  was  at  any  other  time  obtained 
from  a  solution  without  ammonium  chloride  present.  Atten- 
tion may  bie  called  to  what  appears  to  be  evidence  of  the 
neutralization  of  the  solvent  effect  of  the  nitrate  on  the  cop- 
per in  the  gradual  but  not  always  regular  increase  in  the  values 
obtained  from  the  same  solution  in  successive  experiments. 

Having  now  obtained  a  fair  control  of  both  the  tendency  to 
oxidation  and  solution,  experiments  were  next  undertaken  with 
a  view  to  determining  the  value  of  the  electro-chemical  equiva- 
lent.    With  the  exception  of  Nos.    1-5   already  quoted,  the 
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solutions  used  in  obtaining  the  numbers  given  in  the  1st  Series 
were  alike  in  that  they  were  neutral  with  respect  to  the  copper 
and  contained  NH^Cl. 


No. 

First  Series. 
EquivaleDt  x  10^ 

No. 

Second  Series. 
Equivalent  x  10^ 

1 

3291 

33 

3294 

2 

3291 

34 

3296 

3 

3293 

35 

3290 

4 

3  J  93 

36 

3293 

5 
12 

[3305] 
3296 

37 

3« 

3295 
3294 

13 

3297 

39 

3296 

U 
15 

"3305 
3293 

40 
41 

3298 
3293 

16 

3294 

42 

3291 

17 

3296 

43 

3292 

18 

3294 

44 

3302 

19 

3292 

45 

3296 

20 

3300 

46 

3293 

21 

3299 

47 

3294  • 

22 

3299 

48 

3291 

23 

3291 

49 

3292 

24 

3295 

50 

3293 

25 

3294 

51 

3292 

26 

3292 

52 

3293 

27 

3300 

53 

3292 

•28 

3292 

54 

3291 

29 

3296 

55 

3298 

30 

3301 

31 

3291 

32 

3295 

The  mean  of  the  First  Series,  including  Nos.  5  and  14,  is 
3295*6  dz  0  54.  If  these  experiments  be  excluded  we  get 
3294-8  ±043.    ♦ 

Neutralization  of  the  solution  in  tlie  experiments  described 
had  been  effected  by  repeated  use.  A  readier  method  wliich 
suggested  itself  was  to  boil  the  nitrate  in  order  to  expel  the  air, 
allowing  a  piece  of  clean  copper  to  stand  in  the  hot  solution 
until  its  solvent  action  had  been  exhausted.  Such  solutions 
were  prepared  and  after  the  addition  of  a  small  amount  of 
NH^Cl  yielded  values  tabulated  in  the  Second  Series,  the  mean 
of  which  is  3293-9  ±  0-4. 

In  some  cases  the  solutions  employed  were  used  many  times 
so  that  the  tests  to  which  the  nitrate  has  been  subjected  are  in 
this  respect  particularly  severe.  There  is  good  reason  for  sup- 
posing that  the  numbers  would  have  been  more  consistent  if  a 
iresh  solution  had  been  used  each  time. 
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It  is  natural  to  inquire  how  the  values  found  agree  with  the 
equivalent  calculated  from  the  atomic  weight  of  copper. 

The  last  named  quantity  has  been  investigated  with  great 
care  by  T.  W.  Eichards*  with  the  following  result": 

If  silver  be  taken  as  108*00,  oxygen  as  16'000  and  bromine 

80-007 

From     Cn  :  2Ag  he  finds  Cu  =  63-640 

Cu^  (2  AgBr)  Cu  =  63-648 

Cu  =  63-643 


CuBr, :  2Ag 


Cu  =  63-644 


whence  we  get 


Cu 

2Ag 


=  0-29465 


and  Cu  Equivalent     =  000032944 
when  silver  is  taken  =  0-0011181 

Hence  the  value  here  found  is  substantially  in  accord  with 
Richards'.  In  making  this  comparison  it  must  be  borne  in 
mind  that  the  present  investigation  was  not  undertaken  for  the 

I)urpose  of  finding  the  equivalent  of  copper  but  to  determine 
K)w  well  the  nitrate  would  serve  as  the  electrolyte  in  the 
copper  voltameter  and  that  too,  throughout  a  considerable 
range  of  conditions.  That  these  conditions  when  working 
with  such.a  sensitive  metal  as  copper  were  sometimes  unfavor- 
able to  uniformity  of  result  may  be  sufficient  to  explain  the 
amount  of  variation  from  the  mean.  The  probable  error  of  a 
single  observation  in  the  Second  Series  is  zt  1*9. 

Further  experiments  were  tried  to  determine  the  effect  of 
variations  in  the  temperature.  Here  again  it  is  to  be  remem- 
bered that  the  solutions  were  not  freshly  prepared.  A  con- 
siderable change  of  temperature  either  up  or  down  seemed  to 
favor  oxidation,  but  more  particularly  the  latter,  probably  on 
account  of  the  increase  in  concentration  of  the  salt  when 
cooled.  Still  even  this  was  in  great  measure*  prevented  by  a 
sufficient  addition  of  the  ammonium  chloride. 


No. 

Solution. 

Temperature. 

Kquivalentx  10' 

56 

Cu2NO,  with  NH^Cl 

19° 

3296 

57 

Same 

6 

3-29'/ 

58 

Same 

34 

329-2 

59 

Same 

29 

3321 

60 

Another  solution 

18 

3291 

61 

Same 

36 

3297 

62 

Same 

37 

3296 

6:^ 

Same 

6 

3313 

64 

Same 

10 

3307 

65 

A  different  sohition 

40 

3291 

66 

Same 

10 

3292 

*  Proc.  Amer.  Acad.,  xxiii,  p.  177.     Ibid ,  xxv,  p.  212. 
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From  these  experiments  we  may  conclude  that  a  moderate 
change  of  temperature  is  not  a  critical  matter. 

The  First  and  Second  Series  were  made  at  the  temperature 
of  the  room  which  did  not  vary  much  from  19°  C. 

The  following  method  is  recommended  for  the  preparation 
of  the  solution  :  Dissolve  copper  nitrate,  the  purest  obtainable, 
in  distilled  water.  Boil  for  a  short  time  to  expel  the  air  and 
keep  at  a  temperature  of  100°  C.  for  an  hour  or  two  in  the  pres- 
ence of  bright  metallic  copper  in  order  to  completely  neutralize 
the  solution.  When  ready  for  use  it  should  have  a  density  of 
about  1*53.  Add  a  saturated  solution  of  NH^Cl  at  about  the 
rate  of  1  drop  to  100°*^  of  the  nitrate.  Just  the  proper  amount 
of  ammonium  chloride  it  is  not  easy  to  specify.  If  too  much 
be  present  the  deposit  will  discolor  on  drying;  if  too  little, 
bubbles  will  collect  on  the  cathode  or  the  deposit  will  oxidize 
in  the  solution.  Perhaps  the  surest  way  is  to  try  a  prelimi- 
nary experiment,  adding  the  NH^Cl  till  the  plate  begins  to 
show  discoloration  on  drying. 

If  the  solution  is  to  stand  the  anode  may  be  left  in  it.  Care 
should  be  taken  to  exclude  the  air. 

On  removal  from  the  solution  the  cathode  should  be  washed 
thoroughly  in  running  water  and  drained  until  it  maj^  no  longer 
be  said  to  be  wet,  after  which  gentle  heat  should  be  cautiously 
applied  until  all  moisture  is  removed. 

The  advantages  possessed  by  the  nitrate  may  be  enuuierated 
as  follows : 

1st.  The  weight  of  copper  deposited  does  not  appear  to 
depend  on  the  current  density. 

2d.     It  permits  the  use  of  a  high  current-density. 

The  limit  is  not  easily  stated.  When  0*25  amperes  per 
square  centimeter  is  reached  the  cathode  needs  watching,  for  it 
will  fringe  at  the  edge  but  does  not  become  powdery. 

No  way  was  found  to  prevent  the  branching  with  a  high 
current-density. 

A  greater  amount  of  NH^Cl  should  be  present  when  the 
current  density  is  increased. 

3d.  The  weight  of  copper  is  practically  independent  of  the 
temperature  between  10°  and  35°  C. 

The  tendency  to  oxidation  is  increased  by  lowering  the  tem- 
perature but  this  may  be  easily  counteracted  by  the  addition 
of  more  NH.Cl. 

4th.     The  solution  may  be  used  a  number  of  times. 

5th.  The  equivalent  agrees  to  four  figures  with  that  calcu- 
lated from  the  best  chemical  determinations,  viz  : 

Richards  Eq.  =(3294-4±0-l)    XlO"'' 

First  Series      Eq.  =  (3294-8  ±  0-4:^)  XlO-'^ 
Second  Series  Eq.  =  (3293-9  ± 0*39)  X  10-'^ 
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The  parity  of  the  nitrate  as  a  condition  of  success  is  to  be 
emphasized.  One  specimen  tried,  which  contained  nitrite,  was 
absolutely  worthless  with  the  foregoing  treatment. 

To  see  what  CuSO^  would  do  under  circumstances  similar 
to  those  in  which  the  nitrate  was  studied,  a  saturated  solution 
of  the  sulphate  was  rendered  neutral  by  the  copper  hydrate 
precipitated  on  addition  of  ammonia.  NH^Cl  was  added  until 
the  deposit  was  as  bright  and  lustrous  as  that  formed  in  an 
acid  sulphate  solution. 

Three  such  experiments  yielded 

Eq.  =  3295x10-1 
Eq.  =  3293X10-'' 
Eq.  =  3294X10-' 

Two  other  experiments  in  circuit  with  the  nitrate  showed 


Sulphate. 

Nitrate. 

gms. 

gms. 

Copper  deposited 

0-4722 

0-4719 

do.           do. 

0-5671 

0-5667 

These  values  tend  to  confirm  the  result  obtained  from  the 
nitrate ;  at  least  they  do  not  contradict  it. 

In  conclusion  I  wish  to  express  my  thanks  to  Professor  A. 
W.  Wright,  under  whose  direction  the  preceding  investigation 
was  made,  for  his  many  kind  and  helpful  suggestions. 

Sloane  Physical  Laboratory,  Juoe  1st,  1893. 


Art.  XII. — On  the  Douhle  Ilalides  of  Arsenic  with  Ccesium 
and  Huhidinni^  and  on  some  Compounds  of  Arsenious 
Oxide  with  the  Ilalides  of  Ccesium^  Rubidium  and  Potas- 
sium /  by  H.  L.  Wheeler. 

No  compounds  of  arsenious  halides,  with  alkaline  halides, 
have  been  definitely  described.  Nickles*  in  his  work  on  the 
bromides  and  iodides  of  arsenic,  antimony  and  bismuth,  states 
that  these  salts  combine  with  alkaline  bromides  and  iodides 
respectively,  but  in  the  case  of  arsenic  he  gives  no  analyses  of 
the  compounds  which  lie  obtained  and  he  does  not  describe 
the  methods  that  he  used  in  preparing  them.  He  does  not 
even  state  with  what  alkaline  halides  he  performed  his  experi- 
ments.    Emmetf,  Harms:]:,  Schiff  and  Se8tini§  have  described 

*Compt.  Rend.,  xlviii,  839;    Joiirn.  Pharm.,  Ill,  xli,  142:    R^p.  chim.  pure,  i, 
366. 

f  This  Journal,  I,  xviii,  58.  %  Ann.  Chem.  Pharm.,  xci,  371. 

§  Ibid.,  228,  72. 
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compounds  of  arsenious  oxide  with  potadsium  halides,  but  this 
class  of  bodies  has  been  most  thoroughly  studied  by  Riidorff.* 
His  results  indicate  the  existence  of  two  types  of  this  class  of 
compounds,  the  first  containing  one  molecule  of  alkaline 
halide  to  one  of  arsenious  oxide,  the  other  having  these  con- 
stitnents  in  the  ratio  1:2.  In  the  present  investigation  a  com- 
plete series  of  the  cadsium  and  rubidium  oxyhalides  of  the  1 : 1 
type  was  obtained,  while  the  formation  of  the  1 :  2  type  was 
not  observed.  There  is  evidently  a  gradation  in  stability  from 
the  oxychlorides  to  the  oxyiodides,  the  stability  increasing 
with  increasing  atomic  weight  of  the  halogens.  Attempts  to 
prepare  double  halides  of  pentavalent  arsenic  were  without 
success. 

The  new  compounds  to  be  described  in  this  article  are  the 
following : 

SCsCl .  2AsCl,  3CsBr .  2 AsBr,  3CsI .  2 Asl, 

3RbCl .  2AsCI.  3RbBr .  2AsBr,  3RbI .  2AsI, 


CsCl .  As,0.  CsBi- .  As,0,  Csl .  As^O. 

RbCl .  As,03  RbBr .  As»,0.  Rbl .  As.O, 


The  compound  As^O^.K!  which  had  not  been  observed  by 
Riidorfff  was  obtained  in  attempts  to  prepare  a  double  iodide 
of  potassium  and  arsenic. 

It  is  to  be  noticed  that  only  one  type  of  double  halides  was 
obtained.  This  type  corresponds  to  the  most  readily  prepared 
double  chloride  of  caesium  with  antimony,  described  by  Kem- 
sen  and  Saunders:|:  and  of  caesium  and  bismuth,  described  by 
Remsen  and  Brigham.§  Many  attempts  were  made  to  pre- 
pare arsenic  double  halides  of  other  types  than  this  single  one, 
but  these  have  invariably  been  without  success,  although  sev- 
eral types  of  antimony  and  bismuth  double  halides  have  been 
described. 

It  has  been  shown  in  several  instances  by  Wells  and  Wheeler|| 
that  caesium  and  rubidium  halides  form  more  stable  or  more 
complete  series  of  double  salts  than  the  halides  of  the  other 
alkali-metals.  This  fact  is  again  well  illustrated  in  the  double 
halides  of  arsenic,  for  the  caesium  and  rubidium  double  halides 
are  prepared  without  difficulty,  while  with  potassium  no  double 
halides  were  obtained. 

Methods  of  preparation. — To  prepare  the  double  halides,  a 
strong  acid  solution  is  necessary,  in  order  to  prevent  the 
decomposition  of  the  arsenious  halide  and  the  consequent 
formation  of  oxy-compounds.      The  double   halides  are   less 

*Ber  d.  Deutsch.  Chem.  Ges .  xix.  2668;  ibid.,  xxi.  3053. 
+  Loc.  cit.  1  Am.  Chem.  Jour.,  xiv,  152. 

§Ibid.,  p.  161.  IThis  Journal,  III,  xliii.  475;  Til,  xliv,  42. 
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soluble  in  the  strong  than  in  the  dilute  halogen  acids.  Excess 
of  one  or  the  other  of  the  constituents  has  no  effect  on  the 
composition  of  the  products  obtained.  The  formation  of 
ASjO,  compounds  was  observed  on  treating  the  double  halides 
or  a  solution  of  the  constituents  in  strong  acids,  with  water  or 
dilute  acids.  The  oxygen  compounds  are  diflScultlj  soluble 
in  dilute  acids,  strong  acids  convert  the  caesium  and  rubidium 
compounds  into  the  double  halides. 


Method  of  Analysis. 

The  salts  were  filtered  on  the  pump  and  without  delay  were 
carefully  freed  from  the  mother  liquor  by  pressing  on  paper. 
They  were  then  dried  in  the  air.  In  no  case  was  water  used 
to  wash  them.  In  order  to  determine  arsenic  the  salt  was  dis- 
solved in  the  cold  in  HCl  sp.  gr.  1*1  and  hydrogen  sulphide 
passed  in  for  about  one  hour ;  then  a  little  alcohol  was  added, 
the  whole  was  warmed  on  the  water  bath  for  a  short  time,  in 
order  to  drive  off  the  excess  of  hydrogen  sulphide  and  effect 
the  separation  of  the  last  traces  of  arsenious  sulphide.  The 
sulphide  of  arsenic  was  collected  on  a  Gooch  filter  and  after 
washing  with  water,  alcohol  and  carbon  disulphide  it  was  dried 
at  100°  and  weighed.  Sulphuric  acid  was  added  to  the  filtrate 
and  the  alkali-metal  determined  as  normal  sulphate  by  evapo- 
rating and  igniting  the  residue  in  a  streani  of  air  containing 
ammonia.  The  halogens  were  determined  in  a  separate  por- 
tion as  silver  halides  in  the  usual  manner. 
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CcBsium and Hubidium  Arsenious  Chlorides:  ^CsCl.^AsCl^ 
and  SJSbOl.  ^AsCl^, — These  have  a  pale  yellow  color  like  the 
corresponding  antimony  and  bismuth  double  chlorides.  The 
caesium  salt  was  obtained  by  dissolving  250  gms.  of  CsCl  in  dilute 
HCl.  2  grams  of  As^O,,  in  dilute  HCl  were  then  added.  This 
produced  a  precipitate  which  dissolved  on  the  addition  of 
about  2  liters  of  hot  HCl  sp.  gr.  I'l.  On  cooling,  light  yel- 
low crystals  were  deposited.  A  portion  of  these  was  recrystal- 
lized  from  a  strong  HCl  solution  of  AsCl,.  The  rubidium 
salt  was  prepared  in  the  same  manner,  except  that  much 
stronger  solutions  were  required.  Saturated  solutions  of 
rubidium  and  arsenic  chlorides  in  20  per  cent  HCl  produce 
no  precipitate  on  mixing  but  if  concentrated  HCl  is  added, 
brilliant  spangles  of  the  double  salt  separate.  The  analysis  of 
these  products  gave  : 
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Prepared  with  Prepared  with      Calculated  for 

excess  of  CsCl  excess  A sOls        3CsC1.2AsCls 

Cs 4614  45-27  4509  45-.^4 

As 17-15  17-11  17-27 

CI 36-89  36-74  3612  36-79 

Calculated  for 
Found.  3RbC12AsCl8 

Rb 35-55  .35-33 

As 20-14  2066 

CI 44-04  44-01 

Both  salts  can  be  recrystalHzed  from  hydrochloric  acid  of 
sp.  gr.  1*1.  100  parts  of  HCl  sp.  gr.  1-2  dissolve  '429  parts  of 
the  csesiiim  salt  and  2*935  parts  of  the  rubidium  compound. 
Since  the  corresponding  potassium  salt  apparently  does  not 
exist,  these  solubilities  suggest  a  convenient  method  for  obtain- 
ing caesium  and  rubidium  free  from  potassium. 

CcBsiicm  and  Rubidium  Arsenious  Bromides:  ZCsBr . 
2AsB7\  and  SBbB?'  .2AsB?\, — These  are  amber-yellow,  the 
shade  being  somewhat  darker  than  that  of  the  chlorides.  They 
are  most  conveniently  prepared  by  using  an  excess  of  the  alkaline 
halide.  Strong  hot  solutions  of  the  alkaline  bromides  were 
made  in  about  40  per  cent  HBr.  On  adding  crystals  of  AsBr, 
these  melted  but  soon  solidified  to  a  yellow  mass  of  the  double 
halide.  This  dissolved  on  boiling,  and,  on  cooling,  brilliant 
yellow  crystals  were  obtained.  These  compounds  can  be  re- 
crystallized  unaltered  from  strong  HBr.     Analysis  gave  : 

Calculated  for 
Found.  3CsBr.2AsBr3 

Cs  31-91  31-44 

As ._-  11-89  n-82 

Hr_ 56-94         56-74 

Prepared  with        Prepared  with  Calculated  for 

excess  of  RbBr      excess  of  AsBrs         3RbBr.2AsBr8 

Rb -/S-So  22-77 

As 12-55  13-31 

Br 63-97  64-43  63*92 

Caesium  and  Rubidium  Arsenious  Iodides:  ^CsI,2AsI^ 
andZRbl ,  2AsI^. — These  are  deep  red,  the  larger  crystals  of  the 
caesium  compound  are  more  opaque  and  appear  black.  To 
prepare  these  compounds  the  normal  alkaline  iodides  were  dis- 
solved in  strong  colorless  hydriodic  acid  and  these  solutions 
were  then  saturated  boiling  with  crystals  of  Aslg.  Unless  the 
hydriodic  acid  is  decolorized  the  product  obtained  in  the  case 
of  the  cflBsium  salt  is  generally  impure,  being  mixed  with  Cslj.* 

*This  Journal,  xliii.  17 ;  Zeitschr.  f.  Anorg.  chem.,  i,  85, 
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A  well  crystallized  product  of  the  double  csBsium  salt  was 
obtained  by  preparing  the  salt  in  the  presence  of  considerable 
alcohol.     Analysis  of  these  compounds  gave 


Calc.  for 
3C8[.2AsIs 

Calc.  for 
3RbI.2A8ls 

Cs..-. 

As 

I 

...   24-38 
...      8-92 
-..   67-23 

23-58 

8-87 

67-55 

Rb  ... 

As   ... 
I 

...    16-86 
...     9-96 
...   73-65 

16-55 

10-60          9-68 

73-77 

An  attempt  was  made  to  prepare  potassium  arsenious  chlo- 
ride by  mixing  sohitions  of  potassium  chloride  and  arsenious 
acid,  saturated  solutions  of  these  substances  in  concentrated 
HCl  being  used  for  the  purpose.  No  precipitate  was  thus 
produced,  and,  on  concentrating  the  solution,  potassium  chlo- 
ride was  deposited.  Aqueous  solutions  of  potassium  chloride, 
when  added  to  solutions  of  arsenic  trioxide  in  concentrated 
HCl,  gave  precipitates  consisting  chiefly  of  As^O,.  Analogous 
experiments  with  potassium  bromide  and  arsenious  bromide 
gave  similar  results,  and  operating  in  the  same  way  with  KI 
and  Asl,  in  concentrated  HI  solutions,  nothing  but  crystals  of 
Asl,  or  mixed  crops  of  AsT,  and  KI  were  obtained.  Similar 
negative  results,  in  respect  to  the  formation  of  double  halides 
of  ammonium  and  arsenic,  have  been  obtained  by  Wallace.f 

Compounds  of  Arsenic  Trioxide  with  Alkaline  Halides^ 
CsCl .  Asf)^and  Kb  CI .  Asf)^ : — When  a  hot  saturated  aqueous 
solution  of  25  grams  of  caesium  chloride  was  saturated  with 
3CsCl .  2 AsCl,,  a  finely  divided  white  precipitate  was  formed  on 
cooling,  (Analysis  1.)  When  6-5  grams  of  the  double  chloride 
were  dissolved  in  SOO^*'  of  a  cold-saturated  solution  of  As,0,  in 
HCl  of  sp.  gr.  I'l  by  the  aid  of  heat,  a  similar  precipitate  was 
obtained  (analysis  2).  Products  intermediate  in  composition 
were  obtained  by  recrystallizing  the  double  halide  from  water 
(analysis  3),  from  10  per  cent  HCl  (analysis  4)  and  from  15 
per  cent  HCl  (analysis  5). 


1.  2. 

_> . 


Cs 41-51  41-85     41-75  4180             2556     34-29 

As 35-59  34-58     35-37  47*64     43-05 

CI 11-46                    11-31  n-64       8-86 

O [n-44]                [11-57]  [15-16]  [13-80] 

Calculated  for 
4.  5.  CsCl .  A89O3 

Cs 35-30  33-92  36*29 

As 39-14  38-10  40-93 

CI   10-63  11-42  9-68 

O [14-93]  [16-56]  13-10 

f  Phil.  Mag.  IV,  xvi,  358;  xvii,  122,  261. 
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The  analyses  show  a  considerable  variation  from  the  com- 
position required  bj  the  formula,  the  prodacts  made  under  the 
extreme  conditions  giving  ratios  of  arsenious  oxide  to  csesium 
chloride  of  3 : 4  and  3 : 2  instead  of  1 : 1.  The  conditions  varied 
so  widely  however  that  it  seems  fair  to  assume  the  existence  of 
a  1 : 1  compound. 

When  the  double  chloride  of  rnbidium  was  reerystallized  from 
about  15  per  cent  HCl,  a  white  crystalline  crust  was  obtained 
on  slowly  cooling.  This  gave  analytical  results  agreeing  with 
the  formula  RbCl .  As,0, 

Calculated  for 
RbCl.  As,0, 

Rb 26-90                          26-80 

As 47-03 

CI 11-41                            1113 

O    1504 

Under  the  microscope  these  compounds  appear  as  irregular 
grains  or  plates,  of  indefinite  crystalline  form. 

CsBr .  As^O^  and  IihB7* .  As^O^. — When  the  double  bromides 
are  reerystallized  from  water,  or  dilute  HBr,  they  yield  these 
oxy-compounds,  and  these  generally  separate  in  the  form  of  a 
white  crust  on  the  bottom  and  sides  of  the  beaker.  Analysis 
of  such  products  gave : 

3C8Br.2ASBr3 
SCsBr .  2  As  Br,  reerystallized 

reerystallized  from  CsBr  Caleulated  for 

from  water.  solution.  CsBr .  AsaOs 

Cs 32-42  32-36 

As 36-52  36  50 

Br 19-57  19-59                           19*46 

O [1149]  11-68 

3RbBr  .  2AsBrs      3RbBr.  2A8Br,       Caleulated 
from  dilute  HBr.      from  water.        for  RbBr .  AsaOs 

Kb 24-24  16-56  23-52 

As 40-0b  50-74  41-27 

Br 24-53  15-91  22*01 

O   [11-17]  [16-79]  13-20 

It  is  to  be  noticed  that  the  product  obtained  by  recrystal- 
lizing  3RbBr.  2A8Br3  from  water  is  impure,  while  the  caesium 
compound  made  in  the  same  way  corresponds  to  the  formula. 
This  is  an  illustration  of  the  greater  tendency  of  the  caesium 
halide  to  form  double  salts  than  in  the  case  of  the  rubidium 
halide.  Both  these  compounds  are  white,  but  the  rubidium 
compound  turns  somewhat  yellow  on  drying.  Tinder  the 
microscope,  six  sided  plates  were  seen  in  the  case  of  the  caesium 
compound  when  the  solution  was  slowly  cooled.  There  were 
also  observed  hexagonal  crystals  with  a  short  columnar  rhora- 
bohedral   habit.      They   were   uniaxial    with   weak,  negative 
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double  refraction.  The  rubidium  compound  was  also  obtained 
in  hexagonal  crystals  showing  rhombohedral  symmetry  and 
weak  negative  double  refraction. 

Csl.  As^O^y  RhI.  A 8^0^  and  Kl,  As^O^ — The  formation  of 
these  compounds  was  observed  when  dilute  hydriodic  acid 
solutions  of  the  alkaline  iodides  were  mixed  with  dilute  acid 
solutions  of  Asl,.  If  the  solutions  are  mixed  while  hot  these 
double  salts  separated  on  cooling  in  the  form  of  crystalline  yel- 
low crusts  on  the  bottom  and  sides  of  the  beaker.  These  crys- 
tals are  generally  somewhat  larger  than  those  of  the  compounds 
of  ASjO,  with  the  chlorides  and  bromides.  Under  the  micro- 
scope they  exhibited  the  form  of  six  sided  plates.  These  show 
a  strong  negative  double  refraction. 

The  potassium  compound  also  appeared  in  the  form  of  six 
sided  plates  ;  these  remained  dark  when  rotated  between  crossed 
nicols.  They  were  too  small  to  afford  an  axial  figure  as  the 
largest  plates  did  not  exceed  0  Ol™°*  in  diameter.  They  are 
probably  hexagonal.     Analysis  gave : 


Cs 29-31 

As 32-01 

I  ._ 28-94 

O [9-74] 

Rb 20-35 

As 36-78 

1 31-94 

O [10-93] 

K.. 10-75 

As - 42-85 

I 34-13 

O [12-27] 


Calculated  for 
Csl .  ASaOs 

29-04 
32-75 
27-73 

10-48 

Calculated  for 
Rbl.AsaOs 

20-83 
86-54 
30-93 
11-70 

Calculated  for 
KI .  ASaOa 

10-74 

41-20 

34-88 

13-18 


Crystallography, 

The  crystallization  of  the  caesium  and  rubidium  arsenious 
halides  is  hexagonal.  They  were  all  measured  and  found  to 
be  isomorphous.  In  general  the  habit  was  holohedral,  although 
in  the  case  of  caesium  arsenious  bromide  it  is  rhombohedral 
All  these  salts  show  a  pronounced  basal  cleavage,  and  plates 
parallel  to  this,  examined  with  the  stauroscope,  are  uniaxial : 
the  double  chlorides  and  bromides  show  a  weak  negative  double 
refraction  while  the  double  iodides  are  positive.  The  forms 
observed  are  as  follows  : 


Arsenic  with  Coeaium  and  Buhidium. 


m 


c 

0001 

0 

a 

1120 

1-2 

m 

1010 

/ 

r 
z 

P 


1011 
Olll 
2021 


1 

—1 

2 


The  steep  pyramid  p  was  found  only  on  the  iodides. 
The  following  table  gives  the  lengths  of  the  vertical  axes. 


sCsCl .  2A8CI3 
3RbCl .  2A8Ci, 
3C8Br.2A8Bi-3 
3RbBr.2A8Br, 
3CsI.2A8l8, 
3RbI .  2AsI, 


a 
1 
1 

J. 
I 
1 
1 


c 
1  209 
1-210 
1-219 
1-220 
1-244 
1-243 


1. 


A  comparison  of  the  above  axial  ratios  shows  the  interesting 
fact  that  the  substitution  of  rubidium  for  csesium  produces  no 
appreciable  effect  in  the  lengths  of  the  axes,  and  that  in  this* 
series  the  vertical  axes  lengthen  as  the  atomic  weight  of  the 
halogens  increases.  The  crystals  were 
sufficiently  stable  to  yield  good  meas- 
urements, although  on  long  exposure 
they  usually  lose  their  luster.  In  the 
lists  of  measurements  the  angles  chosen 
as  fundamental  are  noted  by  an  aster- 
isk. 

3CsCL2AsCl^. — Thissalt  was  made 
in  crvstals  about  1-2™"^  in  diameter. 
The  forms  observed  are  niy  a,  r,  z  and 
A  careful  search  was  made  for  in- 


?7l 


m 


c. 


dications  of  a  rhombohedral  development  of  the  faces  r  and  z, 
but  none  was  found.  Apparently  they  are  always  holohedral 
in  their  development,  fig.  1. 


Measured. 

Calcalated 

m^c 

1010  A  0001 

90** 

90'' 

c  ^r 

0001  A  1011 

*51    24' 

r  A.m 

1011  A  10.0 

35    39 

35    36' 

m^z 

IOIOaOUI 

66      3 

66      1 

r  JK  z 

1011  aOIII 

47    53 

47    58 

There  is  a  rather  poor  prismatic  cleav- 
age and  plates  parallel  to  this  show  par- 
allel extinction. 

ZBhCl.^AsCl^. — This  salt  was  made 
in  crystals  up  to  about  5™™  in  diameter. 
The  forms  observed  are  c^  m,  r  and  z. 
The  faces  r  and  z  were  seldom  present, 
but  when  these  did  occur  it  could  not 
be  seen  whether  they  exhibited  rhombo- 
hedral symmetry  or  not.  Penetration 
twins  are  common,  the  twinning  plane 
being  the  rhombohedron  Olll,  fig.  2. 
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Measared. 

Calcnlat 

c  ^c    (twin)    0001  /s  0001 

*7r  3' 

c  ^r                  OOOIaIOII 

54   21 

54''  28f 

m^r                 lOlOyvlOlI 

35    39 

35   31i 

On  examining  this  salt  in  convergent  polarized  light  a  uni- 
axial cross  is  seen  whose  arms  are  not  black  but  a  deep  and 
brilliant  blue,  the  character  being  negative.  When  examined 
in  monochromatic  red  light  the  crystals  are  nearly  isotropic, 
the  double  refraction  being  extremely  weak  and  probably  nega- 
tive. In  blue  light,  however,  a  distinct  cross  is  seen  accom- 
panied by  axial  rings.  This  difference  between  red  and  blue 
explains  the  colored  cross  seen  in  white  light.  Sections  paral- 
lel to  the  c  axis  show  the  deep  peculiar  blue  characteristic  of 
uniaxial  bodies  with  the  above  mentioned  optical  properties. 
'  SCsBr .  2A8Br^. — This  salt  was  made  in  crystals  up  to  IJ"^"" 
in  diameter.  The  forms  observed  are  c,  m^  r  and  z  This  is 
the  only  salt  of  the  series  that  has  a  rhombohedral  habit  and 
as  the  angle  of  the  rhombohedron  is  nearly  90°  the  crystals 
look  like  cubes.  Fig.  3  shows  an  ideal  combination  of  r  with 
7?2,  z  and  c.     This  form  was  not  observed  as  the  crystals  are 


3. 


4. 


invariably  twins.  An  ideal  representation  of  the  twinning  is 
given  in  fig.  4.  The  r  faces  were  so  curved  and  striated  that 
no  exact  measurements  could  be  made  from  them. 


•m  A  z 


0110/sOlll 
1011 /s  1101 


Measared. 
*35°  23' 


Calculated. 


89''  50' 


SlibB7\  2AsB7\. — This  salt  was  made  in  small  crystals,  up  to 
2mm  jjj  diameter.  The  forms  observed  were  c,  m  and  r.  The 
crystals  were  made  in  two  habits.  AVhen  prepared  with  an 
excess  of  RbBr  it  separates  in  prismatic  crystals  which  resem- 
ble the  form  of  caesium  arsenious  chloride,  fig.  1.  In  one  ex- 
periment by  using  an  excess  of  AsBrg  contact  twins  were 
obtained.  Here  the  twinning  plane  is  the  unit  rhombohedron 
as  in  fig.  2,  but  some  of  the  faces  are  lengthened  parallel  to 
the  edge  between  the  two  basal  planes  (fig.  5). 
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Measured. 

Calculated. 

C     A     C 

(twin)    0001  A  0001 

lO''  45' 

70°  44' 

c  As  r 

OOOIaIOII 

54    40 

54    38 

r  A  971 

lOll A lOTO 

*36    22 

r  A,  z 

lOTl  aOIII 

48    14 

48  n^ 

7?l  A  2 

1010  ^Olll 

65    34 

65    66 

6. 


3CsI.  2AsI^. — This  salt  was  made  in  beautiful  crystals  up  to 
gmin  i^  length.  The  forms  observed  are  p  and  a.  The  habit 
is  that  of  a  steep  doubly  terminated  hexagonal  pyramid,  with 
the  basal  planes  small  or  wanting.  Often  the  middle  edges 
are  rounded  by  oscillatory  combinations  of  the  pyramids  giv- 
ing rise  to  horizontal  striations.  There  was  no  indication  of  a 
pnsm  or  of  a  rhombohedral  development  of  the  pyramidal 
faces. 


Measured. 

Calculated. 

C    AJP 

0001  A  2021 

♦VO*  49' 

P^P 

2021  A  202l 

38    19 

38°  22' 

P^P 

2021  A  0221 

56    24i 

56    21    34" 

This  salt  is  without  optical  anomalies  and  no  pleochroism 
was  observed. 

Slihl.  2AsI^. — This  salt  was  prepared  in  very  small  crystals, 
not  over  1™°^  in  length.  The  forms  observed  were  c,  m  and  j9. 
The  habit  is  similar  to  fig.  6  but  usually  the  middle  edges  are 
replaced  by  the  faces  of  the  prism  m  or  are  rounded  by  hori- 
zontal striations. 


Measured. 

Calculated 

p-^  p 

2021  A  0221 

♦56"  21' 

Ca  p 

0001  A  2021 

•70    47 

•70° 

p  ^m 

2021^1010 

19    12 

20    56' 

Optically,  this  salt  shows  anomalies.  Basal  cleavage  plates 
between  crossed  nicols  are  not  dark  but  light  and  remain  so 
during  revolution.  In  convergent  light  the  locus  of  an  optic 
axis  is  seen  in  the  center  of  the  field  coinciding  with  the  ver- 
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tical  axis  d.  The  bisectrix  lying  nearest  this  axis  is  that  of 
least  elasticity  C.  The  salt  is  not,  however,  properly  biaxial, 
the  plane  of  the  optic  axes  is  sometimes  parallel,  sometimes 
perpendicular  to  the  edge  of  the  prism.  Moreover  this  direc- 
tion often  changes  from  place  to  place  in  the  same  plate  and 
at  times  no  bar  is  seen,  bnt  a  black  dot  in  the  center  of  the 
field  surrounded  by  rings.  Such  behavior  can  be  explained  by 
supposing  the  crystal  to  be  in  a  condition  of  internal  strain. 
Sections  parallel  to  the  prism  sometimes  remain  light  between 
crossed  nicols,  sometimes  extinguish  at  varying  angles  and 
show  a  slight  pleochroism,  the  absorption  being  e  >  oi ;  the  color 
a  deep  reddish  orange. 

In  conclusion  the  author  wishes  to  express  his  indebtedness 
to  Prof.  0.  L.  Wells  for  valuable  advice  in  connection  with 
the  present  investigation  and  to  Prof.  S.  L.  Penfield  under 
whose  direction  the  crystallography  of  these  salts  was  investi- 
gated. The  author  is  also  indebted  to  Mr.  L.  V.  Pirsson  for 
aid  in  the  optical  description  of  these  salts. 

Sheffield  Scientific  School,  March,  1893. 


Art.  XIII. — On  Mackintosldte^  a  new  thorium  cmd  ttranium 
mineral ;  by  Wm.  Earl  Hidden  :  with  analyses  by  W.  F. 

HiLLEBRAND. 

History, — It  is  three  years  since  an  alteration  product*  of 
the  new  species  here  described  was  announced  jointly,  by  the 
late  James  B.  Mackintosh,t  and  the  writer,  under  the  name  of 
"  thoro-gummite."  In  the  interim  a  most  diligent  search  has 
been  made  at  the  locality  in  Llano  County,  Texas,  to  discover  the 
mineral  in  quantity,  and  also,  if  possible,  the  parent  mineral  from 
which  it  was  derived.  In  an  endeavor  to  find  some  fragments  of 
the  unaltered  mineral,  I  broke  up  nearly  a  kilogram  of  the  thoro- 
gummite,  with  the  result  of  finding  less  than  one  gram  of  a 
black  mineral  which,  from  the  position  it  occupied  within  the 
thoro-gummite,  we  concluded  must  represent  the  original 
species.  I  note  here  that  some  irregular  cores,  of  a  dark  brown 
translucent  mineral,  were  also  found  but  they  proved  to  be 
very  soluble  and  not  essentially  different  from  the  enclosing 
thoro-gummite.     They  had  a  density  of  4:'50. 

Some  chemical  tests,  then  made  by  the  writer,  proved  the 
black  mineral  to  be  practically  unaffected  by  hydrochloric  or 
sulphuric  acids  and  the  density  as  then  determined  was  5'361. 

*Thi8  Jour.,  vol.  xxxviii,  Dec,  1889,  p.  480. 

f  He  died  on  April  15,  1891 ;  see  this  Journal,  xli,  444. 
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Upon  fusing  a  portion  witli  sodium  bisulpbate  a  solution  was 
obtained  and  it  was  thus  found  to  be  a  silicate  containing  about 
23  per  cent  of  uranium  oxide  (calculated  as  UO,),  about  46  per 
cent  of  thoria  and  a  small  per  cent  of  the  "  rare  earths." 

No  further  data  were  then  obtained  from  the  scant  material 
in  hand  but  its  relation  to  thoro-gummite  was  made  evident. 
It  was  among  fresh  shipments  of  the  various  thoria  and  yttria 
minerals,  made  direct  irom  the  locality  (Llano  County,  Texas) 
that  this  mineral  was  again  found  and  further  analytical  work 
made  possible.  The  new  material  was  unexpectedly  found 
deeply  embedded  in  massive  cyrtolite  and  associated  with  fer- 
gusonite.  None  was  found  embedded  in  the  new  crystals  and 
masses  of  thoro-gummite.  Some  fifty  kilograms  of  the  broken 
cyrtolite  were  thoroughly  searched  through  with  the  result  of 
finding  only  about  two  grams  of  pure  material  and  this  came 
mainly  from  one  mass,  which  had  a  very  thin  coating  of  thoro- 
gummite.  A  few  selected  fragments  had  a  specific  gravity  of 
5*438,  [one  portion  weighed  0*35  gram.]  As  the  mineral 
was  so  scarce  it  was  set  aside  to  await  an  opportunity  when  it 
could  be  given  careful  investigation.  Later,  by  using  small 
quantities,  the  physical  characters  were  made  out  as  follows. 

Description, — The  mineral  is  opaque  and  black,  but  not  quite 
so  dull  in  luster  as  the  associated  black  cyrtolite  which  it 
resembles  to  a  very  remarkable  degree.  A  strong  lens  is  neces- 
sary to  distinguish  the  two.  Its  hardness  is  about  5*5.  No 
trace  of  cleavage  has  been  observed.  Its  fracture  is  minute 
sub-conchoidal  to  hackly.  Density  =  5 '438  at  21°  C.  (for  the 
material  analyzed  by  Hillebrand,  see  beyond.)  Its  form,  as  is 
often  evidenced  by  the  thoro-gummite,  is  tetragonal  and  closely 
resembles  zircon  and  thorite  in  habit  and  angle.  Square 
prisms,  sometimes  V'^  thick,  with  a  simple  pyramid  are  all  the 
forms  thus  far  observed.  It  also  occurs  massive,  nodular  and 
filling  veins  in  cyrtolite  and  fergusonite  embedded  in  a  coarse 
pegmatite.  Under  the  blowpipe,  it  is  infusible  but  becomes  fis- 
sured in  all  directions  without  intumescence  or  decrepitation. 

In  powder  the  mineral  is  not  entirely  decomposed  by  any 
one  acid.  Sulphuric  acid  attacks  it  quite  strongly  but  the  gela- 
tinous silica  set  free  protects  it  from  further  action.  Hille- 
brand has  observed  however  that  if  nitric  acid  is  added,  speedy 
and  complete  solution  results. 

Chemical  Composition. — For  the  chemical  investigation  of 
this  mineral  I  am  indebted  to  Mr.  W.  F.  Hillebrand,  whose 
important  contributions  to  the  chemistry  of  uranium  minerals 
are  well  known.     I  quote  his  report  and  analyses  in  full. 

"  Of  the  dull  black  mineral  supposed  by  Mr.  Hidden  to  be  the 
parent  of  thoro-gummitf)  but  nine-tenths  of  a  gram  was  available 
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for  analysis  after  careful  hand-picking  under  the  lens.  It  was 
almost  entirelv  free  from  recognizable  impurity  and  had  a  density 
of  5-43  at  21-4"  C. 

In  powder  the  mineral  is  not  entirely  decomposed  by  any  one 
acid  so  far  as  the  necessarily  restricted  tests  indicated.  Sul- 
phuric acid  attacks  it  quite  strongly,  but  the  gelatinous  silica  set 
free  protects  a  portion  from  further  action.  The  addition  of 
nitric  acid  then,  however,  causes  speedy  and  complete  solution. 
This  behavior  is  perhaps  susceptible  of  a  different  explanation, 
namely,  that  the  mineral  is  not  homogeneous,  but  consists  of  two 
different  substances  the  predominant  one  of  which  is  decompos- 
able by  sulphuric  acid,  the  other  much  less  affected  by  it  but 
when  once  it  has  been  opened  up  by  removal  of  the  former  is 
readily  dissolved  by  nitric  acid.  Nitro-hydrochloric  acid  like- 
wise dissolves  it  completely. 

Considering  that  the  limited  sample  had  to  be  divided  into 
three  portions  in  order  to  estimate  the  constituents  tabulated 
below,  it  is  not  perhaps  surprising  that  the  analysis  should  present 
a  loss  of  three  and  one-half  per  cent.  The  presence  of  even  the 
little  phosphoric  acid  shown  renders  the  analytical  operations  by 
which  the  silica  and  bases  are  determined  extremely  complicated, 
particularly  when  zirconia  and  yttria  are  present.  Precipitates 
are  then  obtained  which  under  similar  conditions  the  other  earth 
bases  do  not  give,  and  thus  separations  and  identifications  are 
rendered  more  difficult  and  losses  are  almost  inevitable.  It  is 
therefore  not  at  all  certain  that  the  very  considerable  loss  is  to  be 
sought  in  some  constituent  not  enumerated ;  it  is  more  probable 
that  it  should  be  distributed  somewhat  unevenly  over  a  number 
of  those  given,  silica  and  lead  oxide  excepted,  they  being  with- 
out doubt  nearly  correct.  The  following  observations,  however, 
may  be  of  importance  in  this  connection.  After  sealing  the  tube 
in  which  was  the  sample  serving  for  the  estimation  of  the  oxidiz- 
able  constituents  a  slow  but  long  continued  evolution. of  gas  was 
observed,  just  as  in  the  case  of  most  uraninites  when  similarly 
treated,  but  owing  to  the  very  small  quantity  of  powder  in  the 
tube — only  '15  gram — it  could  not  be  proven  that  the  gas  was 
nitrogen  and  not  CO,.  The  latter  it  should  not  be,  for  thoro- 
gummite,  the  direct  alteration  product  of  the  mineral,  is  free 
from  it  according  to  Hidden  and  Mackintosh's  analysis.  In  any 
event  its  amount  is  probably  very  small. 

With  respect  to  the  oxidizable  constituents  it  was  found  to  be 
impossible  to  secure  complete  solution  of  the  powder  in  the  tube 
even  after  several  days'  heating  with  dilute  sulphuric  acid,  owing 
presumably  to  the  above  mentioned  protective  action  of  silica  set 
free  and  ol  thorium  sulphate  thrown  out.  The  amount  of  oxygen 
consumed  indicated  16  per  cent  of  oxidizable  bases  counted  as 
UO, ;  it  may  be,  therefore,  that  all  the  uranium  exists  in  that  form 
and  the  iron  in  the  ferrous  state,  as  they  are  given  in  the  analyses 
which  follow.  Of  these  b  was  made  on  a  small  sample  selected 
grain  by  grain  with  the  utmost  care,  but  it  was  evidently  not 
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much  purer  than  the  first  lot.  There  is  at  most  an  indication 
that  FeO,  CaO,  alkalies,  PjO^  and  perhaps  some  water  arise  from 
impurities.  Titanium,  manganese,  and  fluorine  are  not  present  in 
the  mineral. 


I 


SiOa  .. 
UOa.-- 
ZrOa?  . 
ThOa 

CeaO,  ? 
LaoOi  ) 
Y.Os    (^^^P«  — 

PbO 

FeO - 

CaO 

MgO 

K2O _. 

(Na,Li)aO 

P2O6 

HaO  above  100°  C. 
HaO  below  100°  C. 


a 

13-90 
22-40 

-88 

45-30* 

1-86 

3-U 
115 
•59 
•10 
•42 
•68 
•67 
4-31 
•50 


13^92 
21-86t 

y    lost 


392 

X 
•44 

•13 


Thoro-gummite  (H.  &  M.) 

SiOa 13085 

UO, 22-43 

ThOa 41-44 


AlaOs 

FeaOs 

(Ce,Y)aO,  etc. 

PbO 

CaO 

Pa05 -- 

HaO 


•965 

•845 
6^69  (At.  W.   135) 
2-16 

•41 
1-19 
^88 


Moisture 1*23 


[■ 


70 
46 

•35 


98^325 


96^50 


Taken  by  themselves  these  results  are  incapable  of  translation 
through  the  medium  of  molecular  weights  into  any  precise 
formula,  but  they  become  of  interest  when  compared  with  the 
accompanying  analysis  of  thoro-gummite  by  Hidden  and  Mackin- 
tosh. §  It  is  then  seen  that  the  opinion  of  Mr.  Hidden  regarding 
the  derivation  of  thoro-gummite  from  the  present  mineral  was 
fully  justified.  It  is  in  fact  remarkable,  considering  the  great 
molecular  alteration  that  must  have  taken  place,  as  determined 
by  the  totally  different  appearance  of  the  two  minerals,  that  so 
little  loss  of  substance  has  taken  place.  Almost  the  sole  change 
has  consisted  in  an  oxidation  of  uranous  oxide  and  an  increase  in 
the  hydration.  These  facts  render  not  altogether  safe  the  assump- 
tion above  made  that  all  uranium  and  iron  in  the  new  mineral 
exist  there  in  the  lower  forms  of  oxidation,  and  they  furthermore 
indicate  that  the  black  mineral  itself  may  have  already  under- 
gone oxidation  and  hydration  without  this  being  manifest  to  the 
eye — a  supposition  which  is  strengthened  by  the  loss  at  100®  C. 
of  half  a  per  cent  of  water,  and  in  fact  .by  the  intimate  union 
which  existed  between  the  two  minerals  when  received.  Such 
niiaterial  alteration  without  corresponding  physical  evidence  of  it 
seems  to  be  common  among  uraninites.  The  original  condition 
of  the  mineral  may  then  have  been  one  in  which  uranium  and 
iron  were  entirely  in  the  lower  state  of  oxidation  and  in  which 

*  The  precipitate  by  potassium  hydroxide  was  pure  white  after  long  action  of 
chlorine.     It  may,  however,  have  contained  a  trace  of  cerium. 

f  Would  be  slightly  increased  by  uranium  which  was  not  separated  from  the 
earths. 

X  The  estimation  of  iron  miscarried,  but  the  amount  was  unquestionably  less 
than  in  a. 

§Thi8  Journal,  xxxviii,  480,  1889. 
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water  was  possibly  absent.  It  is  to  be  hoped  that  opportonity 
may  yet  be  afforded  for  a  more  thorough  exami nation  of  this 
mineral,  which  though  apparently  allied  to  thorite  and  urano- 
thorite,  is  distingaished  from  them  chiefly  by  greater  content  in 
uranium  and  by  a  higher  degree  of  basicity. '^ 


Discussion  of  Composition, — It  may  be  of  interest  to  add  a 
few  words  as  to  the  relation  of  this  mineral  to  thoro-gnmmite, 
althongh  in  view  of  the  loss  of  3*5  per  cent  in  the  analysis 
there  is  an  unavoidable  element  of  doubt  attached  to  any  for- 
mulae which  may  be  deduced.  However,  if  the  larger  pro- 
portion of  the  loss  is  considered  as  due  to  general  losses,  due 
to  the  small  quantity  of  material  used,  the  following  sugges- 
tions as  to  the  true  composition  of  mackintoshite,  may  be 
made. 

A  comparison  of  the  two  analyses  with  that  of  thoro-gum- 
mite  shows  at  once  that  the  change  has  essentially  been  the 
further  oxidation  of  the  uranium  (from  UO,  to  UO,)  and  the 
assumption  of  one  molecule  more  of  water.  Thus,  as  3SiO„ 
UO3,  SThO,,  6HaO  expresses  well  the  composition  of  thoro- 
gummite,  so  3SiO„  I"0„  3ThO„  3H,0  is  very  probably  the 
formula  of  the  new  mineral.  In  both  minerals  about  one 
fourth  of  the  thoria  is  replaced  by  its  equivalent  in  RO,  R0„ 
11,0,  which,  if  later  proved  to  be  a  constant  factor,  should  be 
expressed  in  the  formula.  Both  the  analyses  seem  to  show 
that  3SiO„  IJ0„  3(f  ThO„  iR0)3H,0  expresses  best  the  min- 
eral analyzed. 

That  an  anhydrous  form  occurs  in  nature,  as  is  thought  true 
of  thorite,  seems  indeed  most  probable,  this  would  then  be 
3SiO„  UO,,  3ThO, ;  which  requires  :  Thoria  63-67  per  cent, 
silica  14-4:7  per  cent,  uranous-oxide  21'86  per  cent=  100.  As 
a  basic  silicate,  in  condensed  form,  it  could  be  expressed  thus : 
3Si,  4(U,  3Th)0,,. 

In  the  calculations  of  the  molecular  ratios  the  alkalies  and 
magnesia  have  been  neglected  as  non-essential  and  the  phos- 
phoric acid  has  been  considered  as  combined  with  the  excess  of 
uranium  ;  this  gives  the  following  results . 


Mol. 
Per  cent.        wt. 


SiOa 

UOa 

ThO^ 

(Yt,  La)a03 

ZrOi 

PbO 

FeO 

CaO 

H,0 


=  13-90 
22-40 
45-30 
1-86 
0-88 
5-74 
1-15 
0-59 
4-31 


60 

2*72 

264 

288 

122 

222 

72 

56 

18 


23-167     = 

8-231 

17J59 

-645] 

•721  I 

1-684  ;- 

1  597 

1-053  J 

23-944 


Molec.  ratios. 
S-048 


=     3 


1-083 
2-256 


5  700 


0-760 


3150 
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The  above  ratios  are  as  close  as  could  reasonably  be  expected. 

It  will  be  interesting  to  compare  the  molecular  ratios  of  the 
theoretical  mineral  witn  those  found  for  the  analyses  of  mack- 
intoshite  and  thoro-gummite  and  to  notice  the  sharp  relation- 
ships brought  out. 

Mackintoshite. 

Molec.  Molec. 

Theory.  ratio.  Found.        ratio.         Error. 

SSiOa  =  13'S1%  =  2311  13-90jg  =  23-16  =    +003jg 

lUOa  20-95  7-70  2240  823          +1-45 

3ThOa  61-02  23-11  60-35  22-86         —0-67 

3HaO           4-16  23-11               4-31  23-94          +0  16 

Thoro-gummite. 

Molec.  Molec. 

Theory.  ratio.  Found.        ratio.        Error. 

3SiOa  =   13-16^  =  21-93  13-08^  =  21-81  =   -O'OSjg 

lUO,         2105  7-31  22-43  7*47          +138 

3ThOa        57-89  21-92  57*60  21-82          -029 

6H2O           7-90  43-83  7-88  4377         -0-02 

In  conclusion  I  wish  to  reiterate  the  purely  conjectural  char- 
acter of  the  above  tabulated  results  and  to  repeat  the  wish  of 
Dr.  Hillebrand  that  more  of  this  new  mineral  may  be  found  so 
that  its  true  composition  and  formula  may  be  known  beyond 
all  question  or  doubt.  That  the  mineral  is  more  basic  than 
either  thorite  or  uranothorite*  seems  at  once  obvious. 

I  propose  the  name  of  mackintoshite  for  this  new  species 
in  honor  of  the  able  chemist,  the  late  Mr.  James  Buckton 
Mackintosh  of  New  York  City.  The  name  seems  peculiarlv 
appropriate  because  of  the  large  amount  of  valuable  work 
which  he  did  in  mineralogy  and  especially  since  the  mineral 
contained  an  earth — thoria — to  which  he  had  given  an  especial 
study. 

*  Lindstrom's  analysis  of  uranothorite  gives,  by  calculation,  the  ratios  of  1 :  1:  IL 
for  silica,  bases  and  water  and  shows  no  apparent  ratio  for  the  uranium  to  the 
other  bases. 
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Art.   XIV. — Alnoite  coyitahiing  an  uncommon    Variety  of 

Meliliie ;  by  C.  H.  Smyth,  Jr. 

In  an  earlier  paper*  the  writer  described  a  small  dike  occur- 
ring in  a  fault  fissure  at  Manheim,  X.  T.  The  rock  exam- 
ined was  much  decomposed,  but  showed  under  the  microscope 
abundant  olivine,  dark  brown  mica,  magnetite,  and  perofskite, 
with  considerable  quantities  of  alteration  products.  CTpon  this 
mineralogical  composition  was  based  a  determination  of  the 
rock  as  peridotite.  Some  sections  showed,  in  addition  to 
the  minerals  named,  another  constituent,  "  of  imperfect  lath 
shape,"  in  color  white,  green  or  brown,  and  with  a  marked 
fibrous  structure  perpendicular  to  the  longer  axis.  The  struc- 
ture in  some  of  the  laths  resembled  the  peg  structure  of  meli- 
lite,  and  suggested  that  they  might  belong  to  this  species ;  but 
their  optical  properties,  notably  the  yielding  of  second  order 
interference  colors,  seemed  to  preclude  the  acceptance  of  such 
a  supposition. 

Recently,  however,  some  sections  have  been  prepared  from 
fresher  material,  and  these  show  that  this  first  supposition  in 
regard  to  the  nature  of  the  mineral  was  correct.  It  is  melilite, 
though  in  one  respect  quite  diflFerent  from  that  mineral  as 
usually  described. 

In  the  fresh  material  the  laths  are  much  more  abundant  than 
in  the  altered  rock,  and  possess  a  more  definite  and  uniform 
character.  Instead  of  the  fibrous  structure  they  show  a  very 
perfect  peg  structure,  while  the  optical  properties,  with  a 
single  marked  exception,  agree  closely  with  those  generally 
ascribed  to  melilite.  On  the  other  hand,  in  the  weathered 
rock  from  which  the  first  sections  were  made  the  melilite -is  so 
greatly  altered  that  it  gives  very  iniperfect  evidence  of  its 
original  character.  These  sections  afford  a  good  illustration 
of  the  rule  stated  bv  Stelznerf  in  regard  to  other  rocks  of  a 
similar  character:  the  melilite  is  often  completely  decom- 
posed while  the  olivine  remains  quite  fresh.  Adams,:}:  also, 
has  stated  that  in  the  alnoite  of  Ste.  Anne,  Canada,  "  the 
melilite  is  well  seen  only  in  sections  of  the  fresh  rock,"  being 
no  longer  easily  recognizable  "  when  the  rock  is  decomposed 
to  any  considerable  extent." 

*  A  Third  Occurrence  of  Peridotite  in  Central  New  York,  this  Journal,  III, 
xliii,  p.  322. 

f  Stelzner.  A. :  Ueber  Melihth  und  Melilithbasalte,  Xeues  Jahrbuch  fur  Mine- 
ralogie,  etc.,  Beilage-Band  II,  p.  388. 

t  Adams,  F.  D. :  On  a  Melilite-bearing  Rock  (Alnoite)  from  Ste.  Anne  de  Belle- 
vue,  near  Montreal,  Canada;  this  Journal,  III,  xliii,  p.  278. 
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In  the  fresh  rock  the  laths  show  much  variation  in  size, 
averaging  perhaps  about  '25°^  in  length,  but  often  reaching 
.5mm^  Their  outline  is  sometimes  irregular,  sometimes  sharply 
rectangular.  Basal  sections  of  the  mmeral  are  not  common ; 
when  seen  they  usually  have  an  imperfect  quadratic  shape. 
The  most  conspicuous  feature  of  the  laths  is  the  peg  structure, 
consisting  of  small  peg-like  bodies,  usually  starting  from  the 
basal  planes,  and  extending  partly  or  wholly  across  the  lath. 
This  structnie  is  very  unevenly  distributed,  being  quite  absent 
in  some  cases,  and  in  others  extending  through  the  entire  lath. 
A^ain,  it  may  be  confined  to  one-half  of  a  lath,  while  ihe 
other  half  is  quite  free.  Sometimes  the  pegs  lie  in  the  central 
portion  of  the  lath,  and  do  not  extend  to  either  face ;  they 
may  also  be  elongated  parallel  to  the  long  axis  of  the  lath.  As 
a  rule  the  outlme  of  the  pegs  is  rather  irregular,  though  it 
not  uncommonly  approaches  the  sharpness  and  symmetry  of 
Stelzner's  figures.*  in  the  course  of  alteration  the  peg  struc- 
ture becomes  obscured  by  the  development  of  a  fibrous  struc- 
ture, and  the  outlines  of  the  laths  lose  sharpness,  quickly 
destroying  the  characteristic  appearance  of  the  mineral. 

Many  laths  show  no  trace  o5f  cleavage,  but  in  others  it  mani- 
fests itself  by  a  single  crack  parallel  to  the  long  axis.  Less 
often  two  or  more  cracks  appear.  In  the  earlier  stages  of 
decomposition  the  cracks  are  sometimes  accentuated  by  the 
formation  of  alteration  products. 

In  the  thinnest  parts  of  sections  the  melilite  is  colorless, 
elsewhere  it  has  a  decided  yellowish  tint.  Compared  with 
melilite  from  other  localities  its  mean  index  of  refraction  is 
perhaps  a  little  lower,  while  the  double  refraction  is  rather 
stronger,  a  yellow  interference  color  being  obtained  in  mode- 
rately thin  sections.  But  while  differing  very  slightly  from 
other  melilites  in  these  respects,  it  shows  a  marked  divergence 
in  another  property.  Examination  of  the  laths  with  a  gypsum 
plate  sho"^s  that  their  long  axis  is  the  direction  of  greatest  elas- 
ticity, and  the  short  axis  the  direction  of  least  elasticity.  As 
the  mineral  is  tabular  parallel  to  the  basal  pinacoid,  this  gives 

for  its  optical  orientation  «  =  a  and  c  =  c,  o)  <e  and  the  mineral 
is  positive.  While  this  is  true  of  a  large  proportion  of  the 
melilite,  it  is  not  invariably  the  case,  for  laths  are  occasionally 
found  in  which  the  mineral  is  negative.  More  common  is  the 
occurrence  of  laths,  which,  though  consisting  chiefly  of  posi- 
tive material,  have  patches  of  a  negative  character  scattered 
through  them. 

The  negative  character  of  melilite  as  a  rock  constituent  has 
been  so  generally  regarded  as  constant  that  any  exception  to 

*0p.  cit.,  Taf.  VIII,  fig.  4. 
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the  rule  is  of  particular  interest.  Artificial  melilite  of  posi- 
tive character  has  been  described  by  Vogt*  and  by  Bodlander  ;t 
but  even  so  recent  a  work  as  the  third  edition  of  Sosenbnsch's 
"  Mikroskopische  Physiographic  der  petrographisch  wichtigen 
Mineralien,"  though  implying  the  probable  existence  of  a  posi- 
tive molecule  in  ordinary  melilite,  does  not  definitely  state 
that  the  mineral  is  sometimes  positive  in  rocks.  As  a  rock 
constituent  melilite  of  a  positive  character  has  been  mentioned, 
so  far  as  the  writer  knows,  only  by  Becke.$  He  refers  to  two 
nepheline  basalts  containing  melilite  of  positive  character; 
and  as  an  explanation  states  that  ''  man  wird  nicht  f ehlgehen, 
wenn  mann  annimmt,  das  die  gesteinbildenden  Meiilithe 
isomorphe  Mischungen  von  zwei  Endgliedern  seien,  von 
denen  das  eine  mit  negativer  I^oppelbrechung  wohl  im  veso- 
vischen  Humboldtilith  vorliegt,  wahrend  das  positive  noch 
unbekannt  ist."  This  explanation  is  in  accord  with  the  facte 
observed  in  the  Manheim  rocks,  as  well  as  with  the  observa- 
tions of  Yogt,  who  was  led  to  a  similar  conclusion  in  regard  to 
the  artificial  melilite.  Bodlander,  however,  holds  that  this 
view  is  inconsistent  with  the  results  of  analyses  of  artificial 
melilite,  and  concludes  that  the  mineral  is  positive  when  it 
contains  a  large  amount  of  magnesium.§ 

With  the  view  of  obtaining  further  evidence  as  to  the  occur- 
rence of  positive  melilite,  sections  of  five  other  rocks  contain- 
ing the  mineral  have  been  carefully  examined.  The  rocks  are 
melilite  basalts  from  Wartenberg,  Bohemia,  and  Hochbohl, 
Wiirttemberg;  leucitite  from  Capo  di  Bove,  Italy;  and 
alnoites  from  Alno,  Sweden,  and  Ste.  Anne,  Canada.  All  of 
these  localities  with  the  exception  of  the  last,  are  so  noted  as 
to  be  almost  classic.  The  sections  of  the  first  three  rocks 
were  prepared  by  Voigt  and  Hochgesang  in  Gottingen.  For 
the  sections  of  the  two  alnoites,  as  well  &s  for  other  assistance, 
the  writer  is  indebted  to  Professor  George  H.  Williams. 

While  in  all  of  these  rocks  the  ordinary  negative  melilite 
predominates,  in  two  of  them,  the  melilite  basalt  from  Warten- 
berg and  the  alnoite  from  Alno,  the  positive  variety  exists  to 
some  extent.  In  both  rocks  it  forms  entire  laths  like  those  in 
the  Manheim  rock,  being  particularly  abundant  in  the  basalt. 

Although,  of  course,  it  does  not  follow  that  in  an  examina- 
tion of  a  larger  number  of  rocks  as  great  a  proportion  would 

*Vogt,  J.  H.  L. :  Studier  over  Slagger,  Stockholm,  1884;  also  Beitraf^  zur 
Kenntmss  der  Gesetze  der  MiDeralbilduug  in  Schmelzmassen  und  in  den  neovul- 
kanischen  Ergussgesteine,  Christiania.  1891. 

t  Bodlander,  G. :  Entstehung  von  Melilith  beim  Brenuen  von  Portland-cement, 
Neues  Jahrbuch  fiir  Mineralogie,  etc.,  1892,  I,  p.  53. 

%  Becke,  F.:  Optischer  Charakter  des  Melilith  ala  Gesteinsgemengtheil,  Tscher- 
mak's  Mittheilungen,  xii,  p  444. 

§  Op.  cit..  p.  56. 
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be  found  to  contain  positive  melilite,  still  it  is  probable  that 
this  variety  of  the  mineral  has  a  greater  distribution  than  has 
heretofore  been  supposed.  Its  occurrence  in  such  abundance 
in  the  Manheim  dike  adds  interest  to  a  rock  in  itself  so  rare  as 
to  be  worthy  of  special  note. 

Of  the  other  minerals  in  the  rock  the  olivine,  magnetite, 
and  perofskite  show  no  unusual  features  and  require  no  de- 
scription other  than  that  previously  given. 

The  mica,  on  examination  in  convergent  liffht,  proved  to  be 
biotite.  In  view  of  the  nature  of  the  rock  this  result  was 
hardly  to  be  expected,  and  it  is  probable  that  anoraite  is  also 
present,  though  not  yet  identified. 

Upon  the  basis  of  its  mineralogical  composition,  and  from  a 
comparison  with  a  specimen  from  the  type  locality*  the  rock 
must  be  classed  as  alnoite.  The  only  respect  in  which  it 
diflEers  very  markedly  from  the  rock  at  Alno  is  in  the  almost 
complete  absence  of  pyroxene.  With  this  exception,  sections 
from  the  two  localities  are  nearly  identical  in  appearance. 

The  same  difference  exists  in  greater  degree  between  the 
Manheim  rock  and  the  one  other  melilite  rock  thus  far  de- 
scribed from  this  country — the  alnoite  of  Ste.  Anne,  Canada. 
The  latter  rock  also  contains  nepheline  which  has  not  been 
found  in  the  Manheim  alnoite.  Still,  in  spite  of  these  dif- 
ferences, the  rocks  are  so  closely  related  that  there  can  be  no 
error  in  classing  them  together. 

Hamilton  College,  ClintoD,  N.  Y.,  April,  1893. 


Art.  XV. — On  iJanjieldite  a  new  Germ^anium  Mineral  and 
on  the  Chemical  Composition  of  Argyrodite  y  by  Samuel 
L.  Penfield. 

It  is  with  great  pleasure  that  the  author  is  able  to  announce 
the  discovery  of  a  new  mineral  containing  germanium  and  to 
record  the  occurrence  of  this  rare  and  interesting  element  from 
a  new  locality.  The  credit  of  this  is  due  in  great  measure  to 
the  keen  mineralogical  interest  of  Mr.  Frederick  A.  Canfield 
of  Dover,  N.  J.,  to  whom,  while  on  a  business  trip  in  Bolivia, 
South  America,  some  specimens  of  this  mineral  were  given  as 
samples  of  a  rich  and  unknown  silver  ore,  by  friends  connected 
with  the  mining  industry.  These  were  brought  to  the  writer 
for  identification  and  he  takes  great  pleasure  here  in  acknowl- 
edging his  indebtedness  to  Mr.  Canfield  and  in  expressing  his 

*T6rnebohm,  A.  E. :  Melilitbasalt  fraan  Alno;  Geol.  Foren  i  Stockholm  For- 
handl.,  1882,  vi,  No.  76,  p.  240. 
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thanks  to  him  for  the  liberality  with  which  he  has  placed  an 
abundant  supply  of  this  valuable  material  at  his  disposal.  It 
is  in  acknowledgment  of  these  services  that  the  mineral  has 
been  named  after  him. 

It  is  unfortunate  that  at  the  present  no  further  information 
can  be  given  concerning  the  exact  locality  and  mode  of  occur- 
rence, but  from  inquiries  that  have  been  set  on  foot  by  Mr. 
Canfield  it  is  hoped  that  full  data  concerning  these  points  will 
be  given  later. 

W  hen  the  mineral  was  brought  to  the  writer,  attempts  made 
to  identify  it  at  once  showed  that  it  was  not  one  of  the  ordi- 
nary silver  minerals.  Thus  in  the  open  tube  it  gave  a  reaction 
for  sulphur  but  no  sublimate.  In  the  closed  tube  with  a 
Bunsen  burner  flame  only  a  slight  sublimate  of  sulphur,  but  at 
a  higher  temperature  with  a  blowpipe  flame  the  sulphur  in- 
creased, while  nearer  the  assay  a  pale  yellow  sublimate  formed, 
which  became  lighter  on  cooling.  On  examining  this  with  a 
lens  it  was  found  to  consist  of  minute  globules  most  of  which 
were  nearly  colorless  but  some  were  yellow.  Boiling  concen- 
trated nitric  acid  was  found  to  attack  and  oxidize  the  mineral 
very  slowly.  On  charcoal  in  the  oxidizing  flame  it  fused  read- 
ily and  gave  almost  immediately  a  pure  white  sublimate  near 
the  assay,  but  no  color  to  the  flame.  On  continued  blowing 
this  sublimate  moved  farther  out,  assuming  a  color  which 
varied  from  greenish  to  brownish  yellow,  for  the  most  part 
lemon  yellow,  while  the  assay  changed  to  a  pure  silver  bead. 
On  examining  the  coating  more  minutely  with  a  lens  it  was 
seen  to  have  a  peculiar  smooth  appearance,  as  if  it  had  fused 
on  the  surface  of  the  charcoal,  while  scattered  about  nearer 
the   assay  were   numerous  small  transparent  to   milk   white 

fflobules,  along  with  minute  globules  of  silver.  These  tests 
ed  to  the  suspicion  that  the  mineral  might  possibly  contain 
germanium  and  a  comparative  test,  made  with  argyrodite  on 
charcoal,  gave  exactly  the  same  results.  It  is  to  be  noted  here 
that  while  Richter^  describes  very  minutely  the  reactions  which 
argyrodite  gives  on  charcoal  he  does  not  mention  the  smooth 
surface  of  the  coating  or  the  formation  of  the  fused  globules 
which  form  so  characteristic  and  useful  a  test  for  the  identifi- 
cation of  germanium.  In  order  to  prove  beyond  all  doubt  the 
identity  of  the  element  thus  indicated  with  germanium  the 
properties  of  the  element  as  given  by  Winklerf  were  studied, 
a  series  of  careful  qualitative  tests  were  made  together  with 
the  formation  of  most  of  the  important  compounds  mentioned 
by  him.  Thus  a  sulpho-salt,  soluble  in  alkaline  solutions  like 
those  of  the  tin,  arsenic  and  antimony  group,  was  prepared, 

*  Quoted  by  Weisbach,  Jahrb.  f.  Min.,  188G,  ii,  p.  67. 
f  Journ.  f.  prakt.  Chem.,  xxxiv,  1886,  p.  177. 
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from  which  solution  the  addition  of  acid,  especially  in  large 
excess,  precipitated  a  white  sulphide.  On  heating  some  of 
this  sulphide  in  a  tube  through  which  a  current  of  hydrogen 
was  passed,  small  glittering  scales  of  GeS,  in  luster  resembling 
hematite,  were  formed  just  beyond  the  ignited  material.  These 
on  examination  with  tne  microscope  in  transmitted  light  were 
found  to  be  dark  brown  in  color.  Although  not  mentioned  by 
Weisbach*  it  was  noted  that  these  were  strongly  pleochroic, 
the  direction  of  greatest  absorption  being  at  right  angles  to 
the  longest  axis  of  the  plates.  JBy  continued  and  higher  heat- 
ing a  still  further  reduction  took  place  and  metallic  germanium 
was  deposited  as  a  crystalline  sublimate  on  the  walls  of  the 
tube.  Microscopic  examination  showed  this  sublimate  to  con- 
sist of  small  gray-white  octahedral  crystals  of  magnificent 
metallic  luster.  They  were  found  to  be  insoluble  in  hydro- 
chloric acid  but  were  readily  dissolved  by  aqua  regia.  These 
results  agree  exactly  with  those  given  by  Winkler  and  the 
identity  was  still  further  confirmed  by  the  entire  behavior  of 
the  element  and  by  other  results  which  will  be  given  in  the 
course  of  this  article. 

The  physical  properties  of  this  new  mineral  are  as  follows  : 
Crystallization  isometric.  Among  the  specimens  furnished  by 
Mr.  Canfield  were  two  which  were  well  crystallized.  One  of 
these  consisted  of  a  group  of  unmistakable  octahedral  crystals, 
averaging  about  7°*°^  in  axial  diameter,  but  which  were  too 
rough  for  measurement  on  the  goniometer.  Their  edges  were 
sometimes  truncated  by  the  dodecahedron,  while  some  were 
twinned  about  an  octahedral  face.  The  other  specimen  con- 
tained equally  large  but  less  isolated  crystals,  the  luster  of 
whose  faces  was  good  and  one  of  the  crystals,  showing  the 
four  upper  faces  of  an  octahedron,  with  edges  truncated  by 
the  dodecahedron  was  measured  on  the  reflecting  goniometer  as 
follows : 

111 /.111  =  70*    0' 

111  A  111  =  70    29 

III  /.  Ill  =  70    14  111  ^  ill  =  108°  67' 

1I1a111  =  70      8  111^111  =  109     3 

Calculated,     70   32  Calculated,     109  28 

The  reflections  of  the  signal  were  moderately  good  and  con- 
sidering a  slight  rounding  of  the  faces  the  measurements  agree 
as  closely  to  those  of  the  octahedron  as  could  be  expected. 
The  dodecahedral  faces  were  too  uneven  to  yield  a  distinct 
reflection.  These  crystals  were  tested  and  found  to  give  the 
characteristic  reactions  for  germanium.  The  fracture  is  irregu- 
lar to  small  conchoidal.  Extremely  brittle.  Hardness  about 
2*5.     The  specific  gravity  of  two  distinct,  massive  fragments, 

♦Quoted  by  Winkler,  loc.  cit.,  p.  215. 
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weighing  about  five  and  six  grams  each,  carefully  taken  on  a 
chemical  balance  after  boiling  in  distilled  water,  was  found  to 
be  6*2662  and  6*2657  respectively,  the  temperature  being  25^ 
C.  The  specific  gravity  of  the  fragment  containing  the  crys- 
tal that  was  measured  and  weighing  over  22  grams  was  found 
to  be  6*270.  The  luster  is  brilliant  metallic.  The  color  black 
with  a  blueish  to  purplish  tone.  The  streak  is  grayish  black, 
somewhat  shiny.  The  chief  pyrognostic  properties  have 
already  been  given.  In  addition  the  fusibility  at  about  1^  to 
2  should  be  noted.  The  fused  transparent  globules  which 
were  observed  on  charcoal  are  probably  GeO,.  Some  of  the 
oxide  separated  from  the  quantitative  analysis  was  tested  on 
charcoal  as  follows :  In  the  oxidizing  flame  it  fused  with  bub- 
bling to  a  transparent,  glassy  globule,  giving  no  coating.  By 
continued  heating  in  the  reducing  flame  it  darkened  and  gave 
slowly  a  pure  white  sublimate.  The  yellow  coating  obtained 
on  charcoal  from  the  mineral  was  probably  a  mixture  of  oxide 
and  sulphide  of  germanium.  The  fused  globules,  which  were 
observed  near  the  assay  in  the  closed  tube  are  Q-eS,  or  possibly 
some  oxysulphide.  Argyrodite,  when  tested  in  the  closed 
tube,  gives  at  first  a  black  sublimate,  which  as  stated  by 
Kichter,^  looks  exactly  like  mercuric  sulphide  and  undoubt- 
edly is  that  substance.  On  intense  heating  before  the  blow- 
pipe there  formed  farthest  up  on  the  tube  a  sublimate  of  sul- 
phur, next  followed  the  black  ring  of  mercuric  sulphide, 
neither  of  which  increased  perceptibly  by  continued  heat- 
ing, while  nearest  the  assay  the  nearly  colorless  globules  of 
GeSa  were  deposited.  On  breaking  off  the  lower  end  of  the 
tube,  driving  off  the  sulphur  and  mercuric  sulphide  by  gentle 
heat  and  then  roasting  the  globules  in  a  current  of  air,  SO, 
was  given  off  while  the  germanium  oxide  collected  into  a  fused 
mass  but  was  not  volatilized.  Regarding  the  association  of 
canfieldite  with  other  minerals,  all  that  can  be  said  is  that  the 
specimens  are  remarkably  pure,  only  slight  quantities  of  pyrite, 
sphalerite  and  kaolin  being  attached  to  them. 

It  having  been  shown  that  the  mineral  was  essentially  a 
sulpho-salt  of  germanium  and  silver,  the  following  method 
was  adopted  for  analysis.  A  weighed  quantity,  about  two 
grams,  was  oxidized  by  concentrated  nitric  acid,  the  operation 
requiring  from  onci  to  two  hours  on  the  water  bath.  After 
the  oxidation  was  complete  the  excess  of  nitric  acid  was  re- 
moved by  evaporation.  The  residue  was  then  dissolved  in 
warm  water  slightly  acidified  with  nitric  acid,  and  after  filter- 
ing off  a  slight  trace  of  insoluble  residue  the  silver  was  pre- 
cipitated by  hydrochloric  acid,  filtered  and  weighed.     In  the 

*  Quoted  by  Weisbach  and  Winkler.     Loc.  cit. 
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filtrate  the  sulphur  was  precipitated  as  barium  sulphate,  which 
was  purified  by  fusion  with  sodium  carbonate,  reprecipitated 
and  weighed.  For  the  determination  of  germanium  another 
portion  of  two  grams  was  oxidized  by  nitric  acid  with  the 
addition  of  a  little  sulphuric  acid.  After  removal  of  the  large 
excess  of  nitric  acid  by  evaporation,  the  residue  was  dissolved 
in  warm  water,  with  addition  of  some  nitric  acid  if  necessary, 
the  silver  precipitated  with  ammonium  tliiocyanate  and  re- 
moved by  filtration.  The  filtrate  contained  the  germanium 
together  with  no  acid  which  forms  with  it  a  volatile  compound. 
It  was  evaporated  in  a  platinum  dish,  the  nitric  acid  present 
serving  to  completely  destroy  the  ammonium  thiocyanate,  and 
the  excess  of  sulphuric  acid  was  finally  driven  oif  by  heating. 
The  residue  thus  obtained  was  covered  with  a  little  strong 
ammonia  into  which  hydrogen  sulphide  was  conducted.  Under 
this  treatment  the  germanium  oxide  dissolved,  while  all  heavy 
metals,  except  those  which  form  sulpho-salts  soluble  in  am- 
monium sulphide,  were  left  undissolved.  In  this  particular 
case  a  very  small  quantity  of  a  black  sulphide  remained ;  it 
was  filtered  off,  ignited  and  weighed.  It  is  assumed  to  be  a 
mixture  of  zinc  and  iron  oxides,  resulting  probably  from 
admixed  sphalerite  and  pyrite.  The  filtrate  containing  the 
germanium  was  collected  in  a  weighed  platinum  crucible  and 
evaporated  on  the  water  bath.  The  residue  was  oxidized  by 
strong  nitric  acid,  the  excess  of  which  was  removed  by  evapo- 
ration. The  crucible,  placed  inside  of  a  porcelain  one,  was 
then  ignited,  gently  at  first,  finally  to  the  full  extent  of  a  ring 
burner,  then  weighed  and  the  germanium  determined  as  GeO,. 
On  further  ignition  the  weight  was  found  to  be  constant,  nor 
did  it  change  by  heating  to  full  redness.  When  heated  in  a 
current  of  ammonia  and  air,  to  remove  sulphuric  acid,  the 
weight  diminished  very  little;  thus  in  one  experiment  it  fell 
from  0'1535  to  0-1525  grs.,  showing  that  a  gentle  ignition  is 
suflScient  to  practically  expel  all  of  the  sulphuric  acid.  By 
heating  to  a  bright  redness  in  a  current  of  ammonia  and  air 
the  germanium  oxide  suffered  reduction  to  the  metallic  state. 
To  show  that  the  germanium  oxide  was  pure  and  especially  to 
prove  the  absence  of  arsenic  and  antimony  the  following  tests 
that  were  made  may  be  mentioned.  Rather  large  quantities 
of  the  mineral,  when  roasted  in  the  open  tube  gave  no  subli- 
mate. An  acid  solution  of  the  oxide  gave  upon  addition  of 
hydrogen  sulphide  a  white  precipitate,  which  when  collected 
on  a  filter  showed  only  a  pale  tinge  of  yellow.  Also  the  oxide 
obtained  in  the  analysis  when  dissolved  and  brought  into  a 
Marsh  apparatus  gave  only  a  most  minute  and  unweighable 
blackening  on  the  walls  of  the  tube,  which  on  ignition  m  the 
air  changed  to  a  scarcely  perceptible  white  oxide  resembling 
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antimony.  As  the  mineral  dissolves  completely  in  nitric  add 
tin  cannot  be  present.  These  results  therefore  showed  that  the 
germanium  was  satisfactorily  pure.  Another  method  of 
analysis  in  which  everything  was  determined  in  one  portion  is 
as  follows :  Solution  oi  the  mineral  in  nitric  acid,  precipitation 
of  the  silver  with  hydrochloric  acid,  of  the  sulphur  with 
barium  nitrate,  removal  of  the  excess  of  chlorine  and  barium 
in  one  operation  with  silver  nitrate  and  sulphuric  acid,  final 
removal  of  the  silver  by  ammonium  thiocyanate  and  determi- 
nation of  the  germanium  in  the  filtrate  as  above. 

The  result  of  the  analysis  gave  the  following  figures  : 


Deducting 

Theory  for 

Average. 

impurities. 

AgeGeSe 

s 

17  03 

17^04 

17-04 

17-10 

17-06 

Ge.... 

6-51 

6-52 

6-61 

6^55 

6-57 

6-42 

Ag.   . 

76-01 

76-09 

76^05 

76-33 

76-52 

Fe,  Zn 

•14 

•16 

•10 

-13 

Insol.  _ 

•29 

-29 

100-06  100-00  100-00 


The  formula  of  the  mineral  is  evidently  AggGeS,  or  4Ag^S . 
GeS,.  The  agreement  of  the  analysis  with  the  theory  as  will 
be  noticed  is  reasonably  close. 

Winkler  made  the  following  analysis  of  argyrodite,  from 
which  he  derived  the  formula  Ag^GeS^  or  3Ag,S .  GeS,. 


Analysis  by  * 
Winkler. 

Theory  for 
AgeGesSft 

Theory  for 
AgsGeSe 

Atomic 
weights. 

S 17-13 

18-21 

17-00 

32 

Ge  -.     6-93 

8-23 

6-42 

72-32 

Ag..   74-72 

73-56 

76-52 

107-7 

Hg..        -31 
Fe  ..       ^66 

Zn  ..       ^22 

99-97  100-00  100-00 

It  will  be  noticed  that  Winkler's  analysis  agrees  much 
more  closely  with  the  theory  for  Ag^GeS,,  especially  in 
respect  to  the  sulphur  and  germanium,  than  with  the  formula 
advanced  by  him.  It  seems  probable,  therefore,  that  the  two 
minerals  have  the  same  chemical  composition,  but  since  "Weis- 
bach  has  shown  that  argyrodite  is  monoclinic  and  since  can- 
fieldite  is  isometric,  they  cannot  be  identical. 

In  order  to  investigate  this  point  more  closely  it  seemed 
desirable  to  make  a  new  analysis  of  argyrodite  by  the  same 
methods  which  had  been  used  for  canfieldite.  The  material 
was  very  carefully  selected  from  an  excellent  specimen  of  the 
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Freiberg  argyrodite  in  the  collection  of  Prof.  Brush.  The 
specific  gravity  was  determined  in  two  ways.  Some  larger 
fragments,  weighing  about  two  grams,  gave  on  the  chemical 
balance  in  distilled  water  6*149  and  the  smaller  ones  gave  by 
use  of  the  pycnometer  6*162.  These  results,  though  some- 
what higher  than  those  given  by  Winkler  and  Weisbach, 
which  were  6'085-6-lll,  are  still  considerably  lower  than  the 
specific  gravity  of  canfieldite.  The  result  of  the  analysis  is 
as  follows : 

Average. 

S 16-97  16-97 

Ge 6-67  6-62  664 

Ag 75  57  75'53  75-55 

Hg      -34  -34 

Fe,  Zn -24  -24 


99-74 


It  will  be  seen  that  this  analysis  agrees  remarkably  well 
with  that  of  Winkler,  the  only  essential  difference  being  that 
the  silver  is  somewhat  higher  and  the  iron  and  zinc  are  lower. 
This  suggests  that  these  latter  are  impurities,  resulting  from 
the  presence  of  a  slight  admixture  of  pyrite  and  sphalerite, 
both  of  which  are  associated  with  the  mineral.  In  regard  to 
the  mercury,  since  this  element  has  never  been  known  to  occur 
otherwise  at  Freiberg,  it  is  probable  that  it  replaces  silver.  If 
we  now  recalculate  these  analyses,  excluding  the  iron  and  zinc 
with  sufficient  sulphur  to  form  pyrite  and  sphalerite,  and  re- 
placing the  mercury  by  its  equivalent  in  silver,  we  obtain  the 
following : 


Canfieldite. 

Argyrodite, 
Winkler. 

Argyrodite, 
Author. 

Thedrv  for 
AgsGeSe 

17-10 

16-56 

16-83 

17-06 

6-57 

7-05 

6-69 

6-42 

76-33 

76-39 

76-48 

76-52 

100-00  100-00  100-00  100-00 

From  the  consideration  of  these  results  there  can  be  no 
doubt  that  canfieldite  and  argyrodite  have  the  same  chemical 
composition,  which  is  AggGeSg.  It  is  evident  therefore  that 
we  have  here  a  case  of  dimorphism,  for  both  the  crystalline 
forms  and  the  specific  gravities  indicate  that  the  minerals  are 
distinct. 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School,  June,  1 89H. 
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Art.  XVI. — Epeirogenic  Movements  associcUed  with  Glacia- 

tion;  by  Warren  Upham. 

Geology  is  indebted  to  Gilbert  in  his  Tnonograpk,  "  Lake 
Bonneville,"  for  the  terms  epeirogeny  and  epeirogenic^  desig- 
nating the  broad  movements  of  uplift  and  subsidence  whicn 
aflEect  the  whole  or  large  portions  of  continental  areas  or  of  the 
oceanic  basins.  These  terms  are  distinguished  from  orogeny 
and  otogenic^  which  denote  the  folding,  faulting,  and  upheaval 
of  limited  tracts  as  mountains  and  mountain  ranges,  forming 
narrow  belts  as  compared  with  the  extensive  plateaus  of  the 
continents.  Epeirogenic  uplifts  and  depressions,  except  in 
areas  of  contemporaneous  orogenic  disturbance,  take  place 
apparently  by  gentle  monoclinal  or  quaquaversal  tilting  of  the 
marginal  or  outer  parts  of  the  broad  regions  affected,  and 
exhibit  a  very  gradual  change  in  altitude  from  the  central 
parts  of  those  regions  to  the  undisturbed  surrounding  areas. 
In  the  region  of  Lake  Agassiz  and  of  the  Laurentian  lakes, 
whose  epeirogenic  elevation  after  the  recession  of  the  ice-sheet 
has  been  well  ascertained  in  its  southern  part  by  levelling  and 
is  found  to  vary  from  a  few  inches  to  somewhat  more  than 
five  feet  per  mile  of  differential  uplift  from  south  to  north, 
the  movement  has  been  so  gradual  that  the  continuity  of  the 
glacial  lake  beaches  remains  perfect,  with  no  dislocations  to 
indicate  any  faulting  of  the  underlying  bed-rocks. 

Especial  interest  pertains  to  the  epeirogenic  movements  of 
the  Quaternary  era  from  their  relationship  to  the  accumulation 
and  departure  of  the  Pleistocene  ice-sheets,  which  was  first 
pointed  out  by  Dana  in  his  presidential  address  before  the 
American  Association  in  1855,  as  published  in  this  Journal  the 
following  year.  By  reasoning  from  the  prevalence  of  fjords 
in  all  glaciated  regions  and  showing  that  these  are  valleys 
eroded  by  streams  during  a  formerly  greater,  elevation  of  the 
land  previous  to  glaciation,  and  from  the  marine  beds  of  the 
St.  Lawrence  valley  and  basin  of  Lake  Champlain  belonging 
to  the  time  immediately  following  the  glaciation,  it  was  an- 
nounced that  the  formation  of  the  drift  on  this  continent  was 
attended  by  three  great  continental  movements :  the  fii-st  up- 
ward, during  which  the  ice-sheet  was  accumulated  on  the  land; 
the  second  downward  when  the  ice-sheet  was  melted  away,  and 
the  third,  within  recent  time,  a  re-elevation,  bringing  the  land 
to  its  present  height.  With  the  moderate  depths  of  the  fjords 
and  submarine  valleys  then  known,  the  amount  of  preglacial 
elevation  which  could  be  thus  affirmed  was  evidently  too  little 
to  be  an  adequate  cause  for  the  cold  and  snowy  climate  pro- 
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ducing  the  ice-sheet.  The  belief  that  this  uplift  was  3,000 
feet  or  more,  giving  sufficiently  cool  climate,  as  Prof.  T.  G. 
Bonney  has  shown,  to  cause  the  ice  accumulation,  has  been 
only  reached  within  the  past  few  years  by  Spencer,  LeConte, 
Hilgard,  and  the  present  writer,  through  the  discoveries  by 
soundings  of  the  U.  S.  Coast  Survey,  that  on  both  our  Atlantic 
and  Pacific  coasts  submarine  valleys  evidently  eroded  in  late 
Tertiary  and  Quaternary  time  reach  to  profound  depths, 
2,000  to  3,000  feet  below  the  present  sea  level.* 

Although  the  adequacy  of  the  preglacial  epeirogenic  uplift 
of  this  continent  to  produce  its  Pleistocene  ice-sheet  was 
tardily  recognized  and  cannot  yet  be  said  to  be  accepted  by  all 
American  glacialists,  it  was  distinctly  claimed  by  Dana  in  1870 
that  the  Cnamplain  6ubsidence  of  the  land  beneath  its  ice- 
load,  supposing  it  to  have  been  previously  at  a  high  altitude, 
must  have  brought  climatic  conditions  under  which  the  ice 
would  very  rapidly  disappear.  The  depression  would  be  like 
coming  from  Greenland  to  southern  Canada  and  New  England. 
In  Professor  Dana's  words  :  "  Such  an  extended  change  of 
climate  over  the  glacier  area  was  equivalent  in  eifect  to  a  trans- 
fer from  a  cold  icy  region  to  that  of  a  temperate  climate  and 
melting  sun.  The  melting  would  therefore  have  gone  forward 
over  vast  surfaces  at  once,  wide  in  latitude  as  well  as  longi- 

tude."t 

Such  explanations  as  these  accounting  for  the  gradual  accu- 
mulation and  comparatively  rapid  dissolution  of  the  North 
American  ice-sheet  are  also  found  to  be  applicable  to  the  ice- 
sheets  of  other  regions.  The  fjords  of  the  northern  portions 
of  the  British  Isles  and  of  Scandinavia  show  that  the  drift- 
bearing  northwestern  part  of  Europe  stood  in  preglacial  time 
1,000  to  4,000  feet  higher  than  now,  while  on  the  other  hand 
late  glacial  marine  beds  and  strand  lines  of  sea  erosion  testify 
that  when  the  ice  disappeared  the  land  on  which  it  had  lain 
was  depressed  100  to  600  feet  below  its  present  height,  or 
nearly  to  the  same  amount  as  the  Champlain  depression  in 
North  America.  Again,  just  the  same  evidences  of  abundant 
and  deep  fjords  and  of  marine  beds  overlying  the  glacial  drift 
to  heights  of  several  hundred  feet  above  the  sea  are  found  in 
Patagonia,  as  described  by  Darwin  and  Agassiz.  On  these 
three  continental  areas,  the  widely  separated  chief  drift-bear- 
ing regions  of  the  earth  are  found  to  have  experienced  in  con- 
nection with  their  glaciation  in  each  case  three  great  epeiro- 
genic movements  of  similar  character  and   sequence,  first,  a 

*  Detailed  notes  of  these  subraerged  valleys  are  presented  in  my  payer  "  On  the 
Cause  of  the  Glacial  Period."  Am.  Geologist,  vol.  vi,  pp.  327-339,  Dec,  1890. 

f  Trans.  Conn.  Acad,  of  Arts  and  Sciences,  vol.  ii,  1870,  p.  67.  Compare  this 
Journal,  III,  vol.  x,  pp.  168-183,  Sept.,  1875. 


116  W.  Upham — Epeirogenic  Movements 

great  and  comparatively  long  continued  uplift,  which  in  its 
culmination  appears  to  have  given  a  high  plateau  climate  with 
abundant  snowfall  forming  an  ice-sheet,  whose  duration  ex- 
tended until  the  land  sank  somewhat  lower  than  now,  leading 
to  amelioration  of  the  climate  and  the  departure  of  the  ice, 
followed  by  re- elevation  to  the  present  level.  The  coincidence 
of  these  great  earth  movements  with  glaciation  naturally  leads 
to  the  conviction  that  they  were  the  direct  and  sufficient  cause 
of  the  ice-sheets  and  of  their  disappearance ;  and  this  conclu- 
sion is  confirmed  by  the  insafficiency  and  failure  of  the  two 
other  chief  theories  which  have  been  advanced  to  account  for 
the  Glacial  period. 

During  ten  or  fifteen  years  next  following  the  publication  of 
Dr.  James  CroU's  verv  valuable  work,  "  Climate  and  Time," 
and  of  the  equally  grand  work  by  Prof.  James  Geikie,  "  The 
Great  Ice  Age,"  a  quite  general  opinion  among  American 
glacialists  favored  the  astronomical  theory  of  the  causes  of 
glaciation  which  these  authors  so  ably  advocated.  But  in  later 
years  a  similarly  general  opinion  among  us  sets  against  that 
theory  because  of  the  uniqueness  and  the  demonstrated  geo- 
logic recency  of  the  Glacial  period ;  and  therefore  for  a  time 
some,  who  were  specially  impressed  with  the  low  level  of  our 
continent  during  the  maximum  and  wane  of  its  glaciation, 
looked  with  careful  inquiry  toward  the  doctrine  of  changes  in 
latitude  and  in  the  position  of  the  earth's  poles,  which  was  set 
forth  in  1866  by  Sir  John  Evans,  with  the  suggestion  that  it 
might  explain  the  remarkable  Pleistocene  changes  of  climate. 
Within  the  past  two  years,  however,  the  brilliant  discoveries 
by  Dr.  S.  C.  Chandler*  of  the  periods  and  amounts  of  the 
observed  variations  of  latitude,  showing  them  to  be  in  two 
cycles  respectively  of  twelve  and  fourteen  months,  with  no 
appreciable  secular  change,  forbid  reliance  on  this  condition  as 
a  cause,  or  even  as  an  element  among  the  causes,  of  the  Ice 
age.  The  second  of  these  theories  is  out  of  the  field,  and  the 
first,  even  in  the  modified  form  given  to  it  by  Wallace  in 
"Island  Life,"  cannot  be  admitted,  in  the  opinion  of  most 
American  students  of  this  subject,  when  we  find  that  the  Ice 
age  ended  probably  only  6,000  to  10,000  years  ago. 

The  epeirogenic  movements  of  the  countries  which  became 
glaciated  were  only  a  portion  of  wide  spread  oscillations  of 
continental  areas  during  the  closing  part  of  Tertiary  time  and 
the  ensuing  much  shorter  Quaternary  era.  !N"ot  only  was 
northwestern  Europe  uplifted  thousands  of  feet,  but  probably 
all  the  western  side  of  Europe  and  Africa  shared  in  this  move- 
ment,  of  which  we  have  the  most  convincing  proof   in  the 

*  Astronomical  Journal,  vol.  xii.  pp.  57-62.  65-72,  and  97-101,  Aug.  4  and  23, 
and  Nov.  4,  1892. 
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submerged  channel  of  the  Congo,  about  four  hundred  miles 
south  of  the  equator.  From  soundings  for  the  selection  of  a 
route  for  a  submarine  cable  to  connect  commercial  stations  on 
the  African  coast,  Mr.  J.  Y.  Buchanan*  found  this  channel  to 
extend  eighty  miles  into  the  ocean  to  a  depth  of  more  than 
6,000  feet.  The  last  twenty  miles  of  the  Congo  have  a  depth 
from  900  to  1,450  feet.  At  the  mouth  of  the  river  its  width 
is  three  miles  and  its  depth  2,000  feet.  Thirty-five  miles  off 
shore  the  width  of  the  submerged  channel  or  caiion.  is  six 
miles,  with  a  depth  of  about  3,450  feet,  its  bottom  being 
nearly  3,000  feet  below  the  sea  bed  on  each  side.  Fifty  miles 
from  the  mouth  of  the  river  the  sounding  to  the  submarine 
continental  slope  is  nearly  3,000  feet,  while  the  bottom  of  the 
old  channel  lies  at  6,000  feet.  This  very  remarkable  continua- 
tion of  the  Congo  valley  far  beneath  the  sea  level  is  like  those 
of  the  Hudson  and  St.  Lawrence  rivers,  and  like  numerous 
submerged  valleys  on  the  coast  of  California ;  but  the  Congo 
reaches  to  a  greater  depth  than  these  of  North  America,  and 
even  exceeds  the  Sogne  fjord,  the  longest  and  deepest  in  Nor- 
way, which  has  a  maximum  sounding  of  4,080  feet.  Another 
deep  submarine  valley,  called  the  '^  Bottomless  Pit,"  having 
soundings  of  2,700  feet,  is  described  by  Buchanan  on  the  Afri- 
can coast  350  miles  north  of  the  equator,  and  he  states  that  a 
similar  valley  exists  in  the  southern  part  of  the  Bay  of  Biscay. 
These  observations  show  that  within  very  late  geologic  time 
probably  almost  the  entire  Atlantic  side  of  the  eastern  conti- 
nent has  been  greatly  uplifted,  attaining  as  high  an  altitude  as 
that  which  A.  C.  Ramsay  and  James  Geikie  conjectured  as  a 
possible  cause  of  the  frost-riven  limestone  agglomerates  of 
Gibraltar.f 

Likewise  the  tropical  portions  of  the  western  continent,  the 
West  Indies,  and  the  smaller  islands  of  the  Caribbean  region, 
appear  to  have  shared  the  epeirogenic  disturbances  which  were 
associated  with  the  glaciation  of  the  northern  and  southern 
parts  of  this  continent,  as  is  well  brought  out  by  the  recent 
studies  and  discussions  of  the  geology  ot  Barbados  island  by 
A.  J.  Jukes-Browne  and  J.  B.  Harrison,:}:  and  by  the  close 
relationship  of  the  Pacific  and  West  Indian  deep  sea  faunas  on 
the  opposite  sides  of  the  Isthmus  of  Panama,  made  known 
through  dredging  by  Alexander  Agassiz.§  This  testimony, 
indeed,  with  that  of  Darwin,  L.  and  A.  Agassiz,  and  others, 
of  very  recent,  extensive,  and  deep  subsidence  of  the  westeni 

♦Scottish  Geojrraphical  Magazine,  vol.  iii.  1887,  pp.  217-238. 
f  Quart.  Jour.  Geol.  Soc,  vol.  xxxiv,  1878,  pp.  605-541. 
i  Quart.  Jour.  Geol.  Soc.  vol.  xlvii,  1891,  pp.  197-250. 

§  Bulletin  Mus.  Comp.  Zool.  at  Harvard  College,  vol.  xxi,  pp.  185-200,  June, 
1891. 
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coast  of  South  America,  apparently  however  continainj;  for  no 
long  time,  lends  much  probability  to  the  supposition  that  the 
low  Panama  isthmus  was  somewhat  deeply  submerged  for  a 
geologically  short  period  contemporaneous  with  epeirogenic 
uplifts  of  the  circumpolar  parts  of  this  continent  both  at  the 
north  and  south,  whereby  the  effects  of  high  altitude  in  cover- 
ing the  northern  and  southern  high  areas  with  ice-sheets  were 
augmented  by  the  passage  of  much  of  the  Gulf  Stream  into 
the  Pacific  Ocean. 

The  end  of  the  Tertiary  era  and  the  subsequent  Glacial 
period  have  been  exceptionally  characterized  by  many  great 
oscillations  of  continental  and  insular  land  areas.  Where 
movements  of  land  elevation  have  taken  place  in  high  lati- 
tudes, either  north  or  south,  which  received  abundant  precipi- 
tation of  moisture,  ice-sheets  were  formed ;  and  the  weight  of 
these  ice-sheets,  as  was  first  pointed  out  by  Jamieson,  seems  to 
have  been  a  chief  cause,  and  often  probably  the  only  cause,  of 
the  subsidence  of  these  lands  and  the  disappearance  of  their 
ice.  But  the  original  sources  of  the  energy  displayed  in  the 
earth-movements  of  uplift  preceding  glaciaticm,  and  why  this 
has  been  so  extensively  developed  during  the  Quaternary  era, 
are  very  difficult  questions  which  it  is  not  the  purpose  oi  this 
paper  to  consider,  since  I  have  attempted  elsewhere  to  answer 
them,  in  an  appendix  of  Wright's  "  Ice  Age  in  North  America  " 
It  may  be  properly  noted,  however,  that  the  explanations 
mentioned  are  entirely  consistent  with  Dana's  teaching  that 
the  great  continental  and  oceanic  areas  have  been  mainly 
permanent  from  very  early  geologic  times. 

Two  formidable  objections  to  this  view  that  the  accumula- 
tion of  the  Pleistocene  ice-sheets  was  preceded  and  caused  by 
great  epeirogenic  elevation  deserve  careful  attention.  The 
first  consists  in  an  approximate  identity  of  level  with  that  of 
to-day  having  been  held  by  many  drift-bearing  areas  at  a  time 
very  shortly  preceding  their  glaciation.  This  is  clearly  known 
to  have  been  true  of  Great  Britain  and  of  New  England. 
Near  Boston,  for  example,  my  observations  of  fragments  of 
marine  shells  in  the  till  of  druralins  in  or  adjoining  the  harbor 
prove  for  that  tract  a  preglacial  height  closely  the  same  as 
now  at  so  late  a  time  that  the  mollusean  fauna,  of  which  we 
have  a  considerable  representation,  comprised  only  species 
now  living.  In  respect  to  this  objection,  it  must  be  acknowl- 
edged that  the  preglacial  high  elevation  which  I  think  these 
areas  experienced  was  geologically  very  short.  With  the  steep 
gradients  of  the  Hudson,  of  the  streams  which  formed  the 
now  submerged  channels  on  the  Calif ornian  coast,  and  of  the 
Congo,  these  rivers,  if  allowed  a  long  time  for  erosion  must 
have  formed  even   longer  and  broader  valleys  than  the  still 
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verjr  impressive  troughs  which  are  now  found  on  these  sub- 
marine  continental  slopes.  But  the  duration  of  the  epeiro- 
genic  uplift  of  these  areas  on  the  border  of  the  glaciation  for 
the  Hudson,  beyond  it  for  the  Californian  rivers,  and  near  the 
equator  in  western  Africa,  can  scarcely  be  compared  in  its 
brevity  with  the  prolonged  high  altitude  held  during  late  Ter- 
tiary and  early  Quaternary  time  by  the  Scandinavian  peninsula 
and  by  all  the  northern  coasts  of  North  America  from  Maine 
and  Puget  Sound  to  the  great  Arctic  archipelago  and  Green- 
land. The  abundant  long  and  branching  fjords  of  these 
northern  regions,  and  the  wide  and  deep  channels  dividing  the 
many  large  and  small  islands  north  of  this  continent,  attest  a 
very  long  time  of  preglacial  high  elevation  there.  At  the 
time  of  culmination  of  the  long  continued  and  slowly  increas- 
ing uplifts  at  the  north,  they  seem  to  have  extended  during  a 
short  epoch  far  to  the  south,  coincident  with  the  formation  of 
ice-sheets  in  high  latitudes.  But  when  these  lands  became 
depressed  and  the  ice  burden  of  the  glaciated  countries  was 
removed,  they  in  some  instances,  as  in  Great  Britain  and  New 
England,  returned  very  nearly  to  their  original  levels  beauti- 
fully illustrating  the  natural  condition  of  equilibrium  of  the 
earth's  crust,  which  Button  has  named  isostasy^  that  when  not 
subjected  to  special  and  exceptional  stresses  it  acts  as  if  float- 
ing on  a  heavier  plastic  and  mobile  interior. 

Somewhat  analogous  with  the  foregoing  is  the  second  of 
these  objections,  namely,  the  fully  proved  low  altitude  of  the 
glaciated  lands  when  the  ice-sheets  attained  their  maximum 
extent  and  during  the  diversified  and  fluctuating  history  of 
their  recession.  It  must  be  recognized,  however,  that  we  have 
in  the  complex  series  of  drift  deposits  left  for  our  examination 
only  a  representation  of  the  later  and  closing  phase  of  the  Ice 
age,  while  the  land  was  low  or  near  its  present  level.  The 
comparatively  much  longer  early  phase  of  high  altitude  attend- 
ing the  accumulation  and  slow  extension  of  the  ice-sheets  on 
this  continent  is  not  clearly  represented  by  the  drift  and 
numerous  moraines  of  the  glacial  retreat  or  of  the  extreme 
limit  of  glaciation,  but  by  the  earlier  fluvial  Lafayette  forma- 
tion, in  which,  according  to  Hilgard,  coarse  gravel  from  the 
Archaean  areas  near  the  head  of  the  Mississippi  was  carried 
down  by  that  stream  quite  to  the  shores  of  the  Gulf  of  Mexico, 
attesting,  as  he  believes,  an  altitude  of  the  Upper  Mississippi 
region  at  least  3,000  feet  higher  than  now  * 

The  wane  and  departure  of  both  the  North  American  and 
European  ice-sheets  have  been  marked  by  many  stages  of  halt 
and  oscillation,  whereby  the  flora,  including  forest  trees,  and 
less  frequently  traces  of    the  fauna,  of  the  temperate  areas 

*This  Journal,  III,  vol.  xliii,  pp.  389-402,  1892. 
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adjoining  the  melting  and  mainly  receding  ice  were  covered 
by  its  drift  at  the  times  of  temporary  re-advance  of  the  ice- 
border.     No  better  illustration  of  conditions  favorable  for  the 
burial  of  forest  beds  in  the  drift  can  be  imagined  than  those 
of   the  Malaspina  glacier  or  ice-sheet,  between  Mt.  St.  Elias 
and  the  ocean,  explored  by  Eussell   in  1890  and  1891  and 
found  to  be  covered  on  its  attenuated  border  with  drift  which 
supports  luxuriant  growing  forests.     Let  a  century  of  excep- 
tional snowfall  cause  a  thickening  and  re-advance  of  that  ice- 
sheet,  and  sections  of  its  drift  exposed  after  the  glacial  reces- 
sion will  show  a  thick  forest  bed  of  chiefly  or  wholly  temperate 
species.     Such  re-advances  of  the  continental  ice-sheets,  inter- 
rupting their  retreat,  are  known  by  well  marked  recessional 
moraines  in  both  North  America  and  Europe.     Near  the  drift 
boundary  in  the  Mississippi  basin  some  of  these  glacial  fluctua- 
tions have  involved  long  stages  of  time,  measured  by  years  or 
centuries,  with  important  though  minor  changes  in  altitude,  as 
shown  by  the  excellent  analytic  studies  of  Chamberlin,  Salis- 
bury, and  Leverett;  but  farther  north,  as  in  the  large  region 
of  the  glacial  Lake  Agassiz,  the  withdrawal  of  the  ice-sheet 
and  formation  of  successive  moraines  marking  slight  halts  and 
re-advances  due  to  secular  changes  in  temperature,  humidity, 
and  snowfall,  were  demonstrably  very  rapid,  the  whole  dura- 
tion of  this  glacial  lake  being  probably  only  about  1,000  years.* 
The  vicissitudes  of  the  general  glacial  retreat  seem  to  me  to 
have  been  due  thus  chiefly  to  variations  of  snowfall,  some  long 
terms  of  years  having  much  snow  and  prevailingly  cool  tempe- 
rature, therefore  allowing  considerable  glacial  re-advance,  while 
for  the  greater  part  other  series  of  years  favored  rapid  melt- 
ing and  retreat. 

tinder  this  view  we  may,  I  think,  account  for  all  the  observa- 
tions which  have  been  held  in  America  and  Europe  as  proofs 
of  interglacial  epochs,  without  assuming  that  there  was  either 
any  far  re-advance  of  the  ice-border  or  any  epeirogenic  move- 
ments attending  the  glacial  retreat  of  such  magnitude  as  to 
induce  ihe  fluctuations  of  which  the  forest  beds  and  marginal 
moraines  bear  witness.  Though  the  whole  history  of  the  wane 
of  the  ice-sheets  is  indeed  very  complex  and  long,  as  measured 
by  our  familiar  historical  time  units,  it  was  yet,  in  my  opinion, 
geologically  very  brief,  if  compared  with  all  preceding  geologic 
periods  and  epochs.  The  formerly  supposed  necessity  of  predi- 
cating long  interglacial  epochs  seems  to  me  a  misunderstand- 
ing. Instead,  as  Dana,  Wright,  Hitchcock,  Lamplugh,  Ken- 
dall, Falsan,  Hoist,  Nikitin,  and  many  other  glacialists  believe, 
the  Ice  age  seems  to  me  to  have  been  essentially  continuous 

*Geol.  and   Nat.  Hist.  Survev  of  Canada,  Annual  Report,  Xew  series,  vol.  iv, 
for  1888-89,  p.  51  E. 
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and  single,  with  important  fluctuations,  but  not  of  epochal 
significance,  both  during  its  advance  and  decline. 

The  Champlain  subsidence  of  the  land  beneath  its  ice-sheet 
probably  affected  the  whole  of  the  preglacially  elevated  area 
before  the  growth  of  the  ice-sheet  was  checked.  For  some 
time  the  increase  in  the  ice  accumulation  may  have  exceeded 
the  rate  of  depression,  so  that  the  surface  of  the  thickening 
ice-sheet  continued  to  hold  an  undiminished  altitude.  But  at 
length  the  subsidence  brought  a  warmer  climate  on  the 
southern  border  of  the  ice,  causing  it  to  retreat,  and  probably 
giving  to  it  a  mainly  steeper  frontal  gradient  than  during 
its  growth  and  culmination.  To  this  steeper  gradient  and 
consequently  more  vigorous  glacial  currents  I  attribute  the 
larger  morainic  accumulations  of  drift  marking  retreatal  stages 
than  on  the  outermost  drift  boundary.  When  the  ice  had 
considerably  receded,  the  outer  portion  of  the  depressed  area 
was  somewhat  uplifted,  to  approximately  its  present  height, 
which  it  has  since  held,  excepting  minor  oscillations.  Gradu- 
ally, as  the  ice  withdrew  from  south  to  north,  a  principally 
permanent  wave  of  land  elevation  has  followed,  earliest  uplift- 
ing the  loess  region  of  the  Mississippi  basin,  later  the  areas  of 
Lake  Agassiz,  of  the  Laurentian  lakes,  including  Lake  Cham- 
plain,  and  of  the  St.  Lawrence  valley,  and  latest  the  country 
surrounding  Hudson  Bay,  where  this  movement  is  still  in 
progress.  The  time  since  the  departure  of  the  ice  there  has 
been  too  short,  as  in  Scandinavia,  to  allow  the  earth's  crust  yet 
to  have  completed  its  restoration  to  an  isostatic  condition. 


Art.  XVII. — On  Anteniim  and  other  Appendages  of  Tri- 
arthrus  Beckii ;  by  W.  D.  Matthew. 

[Read  before  the  N.  Y.  Academy  of  Sciences,  May,  1893.] 

Among  the  problems  which  paleontologists  have  in  vain 
tried  to  solve  was,  till  a  few  years  ago,  that  of  the  structure  , 
and  aflBnities  of  the  trilobite.  In  all  the  vast  numbers  of  these 
animals  which  have  been  found  and  studied,  scarcely  any  parts 
have  been  preserved  besides  the  dorsal  shield  and  hypostome. 
The  legs,  gills,  and  such  other  organs  as  they  may  have  had, 
have  practically  never  been  shown  on  any  specimen.  This  is 
chiefly  because  of  the  easy  break  aflForded  by  the  hard,  smooth, 
carapace,  but  partly  also  because  of  the  character  of  these 
organs,  which  seem  to  have  been  soft,  easily  disjointed,  and 
prone  to  maceration  and  decay.  The  only  cases,  so  far  as  I 
know,  in  which  the  organs  of  the  under  side  have  been  defi- 
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nitely  seen  and  described,  are  three  specimens  of  Asaphtu 
platycephalios* — all  found  at  diflEerent  times  and  places — in 
which  a  number  of  le^s  are  preserved  in  a  fragmentary  way, 
another  of  the  same  genus  showing  a  palpusf  attached  to  the 
hypostome,  and  a  few  cases  in  whicli  a  detached  leg  or  antenna 
was  found  in  company  with  species  of  trilobites,  and  referred 
to  one  of  them.  Other  discoveries  have  been  reported  from 
time  to  time,  but  not  conclusively  verified. 

It  has,  however,  been  found  possible  by  cutting  thin  sec- 
tions of  trilobites  especially  well  preserved,  to  determine  the 
nature  and  position  of  the  organs  of  the  under  side.  Mr.  C. 
D.  Walcottij:  in  1881  published  the  results  of  a  very  success- 
ful investigation  of  this  kind,  extending  over  several  years, 
and  based  on  the  study  of  over  2000  thin  sections.  His  article 
has  given  us  a  very  complete  knowledge  of  the  organization, 
at  least  of  the  two  genera  Oeraurus  and  Calymene,  which  were 
the  subjects  of  his  study. 

The  structure  as  thus  determined  involved  : 

1.  A  ventral  membrane  over  the  under  side  of  the  body, 
with  hardened  arches  across  each  segment,  bearing  the  ap- 
pendages. 

2.  Cephalic  limhs.  There  were  four  pairs  of  these,  the  last 
of  which  was  larger  and  expanded  at  the  terminal  joint  into  a 
swimming  organ.  The  bases  of  these  limbs  were  manducatory 
in  their  action  as  in  the  modern  King-crabs. 

3.  Thoracic  and  abdominal  appendages.  One  pair  of.  legs 
was  found  to  be  attached  to  each  segment  of  the  thorax  and 
pygidinm.  On  the  basal  joint  of  each  was  a  small  epipodite, 
and  two  branchiae,  which  were  in  the  form  of  narrow  spiral 
ribbons.  The  legs,  like  those  of  the  head,  were  generally  com- 
posed of  six  joints,  which  were  more  or  less  conical,  the  basal 

,  end  smallest.  Other  forms  of  gills  were  also  met  with,  viz:  a 
straight  uncoiled  ribbon  in  immature  specimens,  and  a  radiat- 
ing leafy  form  found  sometimes  in  the  anterior  part  of  the 
thorax.     There  is  no  mention  of  cephalic  gills. 

4.  No  trace  of  any  aniennal  system  was  found. 

Mr.  Walcott  concludes  that  the  trilobites  were  more  nearly 
allied  to  the  Limulids  than  to  any  other  living  form,  and  should 
be  classed  with  them  and  the  Eurypterids,  but  as  a  separate  sub- 
class. As  to  their  habits,  he  concludes  that  they  probably  were 
free  swimming  only  when  young,  and  crawled  around  on  the 
bottom,  with  very  limited  swimming  powers,  when  mature. 

*Quar.  Jour  Oeol.  Soc,  1870,  p.  479;  Cincinnati  Jour.  Nat.  Hist,  vol.  vi,  1M3. 

jQuar.  Jour  Geol.  Soc,  1870,  p.  486. 

;Bull.  No.  VIIT,  Harvard  Museum  of  Nat.  Hist.  Mr.  Walcott  g^vea  very  com- 
plete references  and  history  up  to  that  date,  which  I  have  not  thought  necessary 
to  repeat. 
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Within  the  past  few  months  Mr.  W.  S.  Valiant  has  collected 
a  very  considerable  number  of  specimens  of  Triarthrus  Beckit^ 
in  which  the  organs  of  the  under  side  are  attached  to  the  body 
and  fairly  well  preserved.  They  occur  in  the  Hudson  River 
shales*  near  Home,  N.  T.  A  number  of  the  best  specimens 
are  now  in  the  Museum  of  Columbia  College,  and  Prof. 
Kemp  has  very  kindly  given  me  the  privilege  of  describing 
them. 

The  trilobites  are  found  in  a  soft,  fine,  black  shale  and  are 
very  perfectly  preserved.  The  most  noticeable  character  about 
them  is  the  presence  of  long,  many  jointed,  rod-like  attach- 
ments to  the  front  of  the  head,  which  resemble  exactly  the 
antennse  of  other  crustaceans.  These  come  out  close  together 
from  just  under  the  center  of  the  anterior  border  of  the  head- 
shield,  and  diverge  generally  at  an  angle  of  30°  or  40°.  In 
one  specimen  (fig.  1)  a  length  considerably  exceeding  that  of 
the  glabella  is  shown  ;f  in  the  rest  they  are  more  broken,  but 
a  considerable  length  is  preserved  in  three  or  four,  and  the 
stumps  are  distinctly  seen  in  upwards  of  twenty  others.  They 
curve  slightly  outward  and  taper  gradually  down  toward  the 
end  ;  the  tip  itself  is  not  preserved.  These  antennae  are  com- 
posed of  a  great  number  of  joints,  each  of  which  is  conical, 
about  half  as  long  as  wide,  and  smallest  at  the  base.  (See  fig. 
la.)  As  preserved  in  the  rock,  they  are  calcareous,  but  seem 
to  have  been  of  a  structure  less  firm  and  thick  than  the  sub- 
stance of  the  carapace.  Their  point  of  origin  seems  to  be 
under  the  front  part  of  the  glabella,  as  they  can  be  traced  a 
little  way  under  the  headshield,  where  they  almost  coalesce, 
then  turn  upward  and  outward  and  disappear ;  with  no  joints 
in  this  part,  so  far  as  1  have  been  able  to  follow  it.  (See  fig. 
2.)  Just  over  the  spot  where  they  come  out,  the  anterior  mar- 
gin is  arched  slightly  upward,  seemingly  to  give  room  for 
their  play  to  and  fro. 

These  organs  must  certainly  belong  to  the  trilobite  ;  when 
attached  they  are  in  all  cases  in  exactly  the  same  position,  and 
are  but  rarely  to  be  seen  separate ;  moreover,  in  a  number  of 
specimens  in  which  they  were  not  shown  they  were  developed 
by  cutting  away  the  matrix  in  the  proper  place.  Their  char- 
acter seems  also  tolerably  certain,  as  both  in  position  and  struc- 
ture they  are  like  the  antennae  of  modern  crustaceans.  The 
appearance  of  the  right  hand  antenna  in  fig.  8  may  indicate 
that  these  organs  could  be  bent  back  under  the  sides  of  the 
head — but  this  point  needs  more  evidence.    Another  specimen, 

*  Though  referred  to  the  Hudson  River  by  Mr.  Valiant,  Prof.  Whitfield  is  dis- 
posed, on  pals&ontological  grounds,  to  consider  them  as  Utica  shales. 

f  Mr.  Valiant  has  since  shown  me  a  specimen  which  has  antennae  one  and  a 
half  times  as  long  as  the  glabella.  He  informs  me  that  there  are  now  about  sixty 
specimens  showing  antennae. 
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belonging  to  Prof.  A.  H.  Chester,  shows  an  antenna  with  the 
end  coiled  spirally  inwards. 

Besides  tnese,  there  are  shown  in  several  of  the  specimens, 
other  appendages,  some  of  which  may  be  branchial  in  their 
character,  and  others  walking  or  swimming  legs.  In  fig.  1  the 
side  of  the  head -shield  has  been  broken  away,  exposing  the 
appendages  apparently  of  three  cephalic  segments.  These  are 
of  two  kinds,  one  of  which  is  a  narrow,  jointed  cylindrical 
leg,  and  the  other  is  thin,  broad  and  leafy,  with  what  seems  to 
be  a  comb-like  structure  similar  to  the  gills  of  many  Crustacea. 
These  branchise,  if  so  they  be,  depend  from  a  narrow,  thick- 
ened anterior  edge  or  limb  ;  they  seem  to  correspond  with  two 
of  the  three  legs  shown  in  the  specimen,  and  to  overlie  them. 
By  analogy  with  Mr.  Walcott's  determinations,  they  are  prob- 
ably attached  to  the  basal  joint  of  the  legs. 

In  figs.  2,  3  and  6  are  shown  the  ends  of  appendages  which 
projected  from  under  the  carapace,  and  seem  to  belong  to  the 
thoracic  region.  These  are  likewise  of  two  kinds,  one  flat, 
furrowed,  and  showing  a  series  of  oblique  parallel  lines  all 
along  it  (see  iigs.  2,  2a,  3  and  4) ;  and  the  other  a  strong  taper- 
ing leg,  with  three  cylindrical  or  slightly  flaring  joints  visible 
(see  tigs.  2,  2a,  3,  5  and  6).  The  first  may  be  a  branchial 
appendage ;  it  is  flattened  and  appears  in  one  case  to  broaden 
out  into  a  small  paddle  at  the  tip  (though  this  may  very  likely 
be  deceptive) ;  it  has  a  sharp  ridge  and  narrow  furrow  along 
the  anterior  edge,  and  behind  that  the  series  of  lines  or  comb- 
like structure,  which  may  be  due  to  thiB  remains  of  hairs  or 
gill  structure  on  the  limb. 

Figure  4  shows  a  series  of  appendages  of  both  kinds,  but 
very  poorly  preserved.  In  figure  7  the  projecting  appendages 
of  the  jtail-piece  are  shown,  and  it  may  be  seen  that  apparently 
several,  and  perhaps  all  of  the  pygidial  limbs  are  anchylosed, 
so  as  to  make  a  rounded  flap,  which  in  shape,  though  not  in 
structure,  reminds  one  of  the  telson  of  a  crayfish,  and  may 
possibly  have  served  somewhat  the  same  purposes. 

The  conclusions  as  to  the  nature  of  these  appendages  are 
only  provisional,  and  may  be  much  changed  by  further  dis- 
coveries. They  are  not  nearly  as  well  preserved  as  the  anten- 
nae, nor  in  so  considerable  a  number  of  specimens ;  for  besides 
those  figured,  there  are  but  two  or  three  others  which  show 
them  at  all,  and  those  only  in  traces.  The  shape  and  structure 
of  the  supposed  branchise,  in  particular,  are  very  hard  to  dis- 
tinguish; the  figures  given,  however,  represent  as  far  as  I  can 
see  the  actual  outlines  preserved. 

It  will  be  seen  that  the  structure  of  Triarthrus  must  have 
differed  not  a  little  from  that  described  by  Mr.  Walcott  in 
Calymene  and  Ceraurus.     The  presence  of  antennae,  the  pecu- 
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liar  cephalic  organs,  and  the  anchylosed  flap  under  the 
pygidium,  would  all  be  important  points  of  diflEerence,  and 
indicate  that  the  Trilobites  were  quite  varied  in  structure,  and 
probably  included  several  widely  diflEering  types.  If  the 
classification  founded  on  the  characters  of  the  shield  is  not 
deceptive,  we  may  perhaps  consider  that  the  structure  of 
Triarthrus  was  that  of  all  the  Olenidse,  the  family  to  which  it 
belongs ;  while  many  of  the  later  trilobites  would  come  nearer 
to  Calyuiene  and  Ceraurus  in  their  structure. 

As  regards  the  probable  affinities  of  the  trilobite,  as  modi- 
fied by  Mr.  Valiant's  discovery,  the  writer  can  scarcely  venture 
any  remarks,  except  tentatively.  The  homology  with  Limulus 
seems  not  to  be  as  close  in  Triarthrus  as  in  the  forms  studied 
by  Mr.  Walcott ;  but  the  characters  seem  to  be  of  a  more  com- 
prehensive type,  approaching  the  general  structure  of  the 
other  Crustacea  rather  than  that  of  any  special  form.  The 
presence  of  antennae  need  not,  one  would  think,  separate 
them  from  the  Poecilopoda;  for  a  small  pair  occurs  in  Euryp- 
terus,  and  the  anterior  pair  of  appendages  in  Limulus  are 
thought  to  be  modified  antennae.  The  cephalic  organs  are 
peculiar,  if  proved  to  be  gills,  and  though  in  the  solitary  speci- 
laen  showing  them  they  seem  to  belong  to  the  head,  yet 
farther  proof  would  be  desirable  that  they  are  not  displaced 
thoracic  limbs.  The  fused  pygidial  flap  may  be  a  less  import- 
ant character,  as  it  might  be  induced  by  some  change  of  con- 
ditions of  life. 

As  regards  the  habits  of  Triarthrus,  we  may  conjecture  that 
it  usually  scuttled  through  the  soft  mpd  which  composed  the 
shale  in  which  it  is  found,  on  the  little  pointed  walking  legs  ; 
but  that  it  had  considerable  swimming  powers,  more  so  per- 
haps than  the  later  types  of  trilobites. 

It  is  hardly  to  be  expected  that  these  antennae,  still  less  the 
other  organs,  will  be  found  in  specimens  of  trilobites  unless 
they  are  exceptionally  well  preserved.  But  one  character,  the 
arching  of  the  anterior  rim  at  the  center  of  the  head — if  not  a 
mere  accident  of  pieservation  in  these  specimens — may  be 
found  to  exist  in  less  perfect  fossils,  and  would  be  a  fair  indi- 
cation of  the  former  existence  of  antennae  which  passed  under  it. 

In  conclusion,  I  wish  to  acknowledge  the  kindness  of  Prof. 
Kemp  in  allowing  me  the  privilege  of  describing  these  speci 
mens.     I  have  also  to  thank  Prof.  Whitfield  for  advice  and 
assistance  which  have  been  very  useful  to  me  in  the  subject. 

jy^ote. — As  regards  the  supposed  gills  under  the  head,  it 
would  seem  more  probable  that  they  were  long,  thickly  set 
hairs  or  fimbriae  on  a  narrow  limb,  and  served  as  mouth  organs 
rather  than  gills,  though  perhaps  also  assisting  in  the  respira- 
tion. 

Geological  Department,  Columbia  College. 
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Akt.  XYIII. — O71  the  Reduction  of  Nitric  Acid  by  Ferrous 

Salts;  by  Charlotte  F.  Egberts. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XXV.] 

Among  the  most  common  methods  for  the  estimation  of 
nitric  acid  are  those  which  depend  upon  its  reduction  by  a 
ferrous  salt  in  acid  solution.  The  amount  of  the  nitrate  acted 
upon  is  reckoned  either  from  the  oxidation  of  this  ferrous  com- 
pound or  from  the  nitric  oxide  set  free  and  subsequently  deter- 
mined. The  first  named  method  was  first  put  in  practical 
form  by  Pelouze,  and  in  its  present  modified  form,*  is  capable 
of  yielding  accurate  results  in  the  analysis  of  pure  nitrates. 
Organic  matter  interferes,  however,  with  the  accuracy  of  the 
indications  of  Pelouze's  process.  Schloesingf  was  the  .first  to 
use  the  nitric  oxide  evolved  as  a  measure  of  the  original  nitrate, 
and  he  was  able  to  show  that  the  presence  of  organic  matter 
does  not  influence  the  yield  of  nitric  oxide  in  the  decomposi- 
tion. Schloesing  originally  estimated  the  nitric  oxide  by  col- 
lection over  mercury,  re-conversion  by  the  action  of  oxygen  to 
nitric  acid,  and  titration  of  the  last  with  standard  alkali,  but 
Keichardt,^  Wildt  and  Scheibe§  and  others  have  very  much 
simplified  the  apparatus  of  the  original  process,  and  shown 
that  the  gas  may  be  collected  over  caustic  soda  or  potash  with- 
out materially  diminishing  the  accuracy  of  the  analytical 
process.  Schulze  and  Wulfert||  determined  by  direct  measure- 
ment the  nitric  oxide  collected  over  mercury,  and  Tiemann 
showed  that  the  determination  loses  little  in  exactness  when 
the  gas  is  measured  over  an  aqueous  solution  of  caustic  soda. 

Many  modifications  and  extensions  of  these  processes  have 
appeared  from  time  to  time,  the  detailed  consideration  of  which 
is  not  essential  to  the  purpose  of  the  present  discussion,  but 
all,  whether  dependent  upon  the  determination  of  the  change 
of  condition  of  the  iron  salt  in  the  residue,  or  upon  the  esti- 
mation of  the  nitric  oxide  evolved,  rest  upon  the  assumption 
that  under  the  conditions  of  action  nitric  oxide  is  the  sole 
reduction  product  in  the  complete  destruction  of  the  nitric 
acid  by  the  ferrous  salt.  That  this  assumption  is  true  in  the 
main  is  evidenced  by  the  analytical  results  of  the  methods. 
Thus,  in  his  careful  and  critical  examination  of  methods, 
Eder^f  found  that  the  indications  given  by  titration  of  the 
residue  of  treatment  with  ferrous  chloride  and  hydrochloric 
acid  by  means  of  potassium  permanganate  showed  errors  of 
excessive  oxidation  amounting  only  to  0*3  per  cent  to  1  per 

*Fresenius,  Quant.  Anal.,  6th  Aufl.,  p.  519. 

f  Ann.  de  Chemie,  III.  xl,  479.  :j:Zeitschr.  fiir  Anal.  Chem.,  ix,  26. 

§  Zeitschr.  fiir  Anal.  Chem.,  xxiii,  151.  ||  Zeitschr.  fiir  Anal.. Chem.,  ix,  400. 

T'Zeitschr.  fiir  Anal.  Chem.,  xvi,  267. 
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cent  upon  amounts  approximating  0*4  ffrms.  of  potassium 
nitrate,  although  the  process  involved  the  uncertainties  of 
titrating,  without  the  now  used  precautions,  with  permanga- 
nate in  hydrochloric  acid.  The  similar  process  in  which  use 
is  made  of  ferrous  sulphate  in  sulphuric  acid,  instead  of  the 
chloride  in  hydrochloric  acid,  gave  excellent  results  and  showed 
errors  of  loss  of  the  nitrate  ranging  from  0*05  per  cent  to  0*4 
per  cent  upon  similar  amounts  of  the  nitrate,  while  Braun's 
process  of  determining  the  oxidized  iron  by  stannous  chloride 
gave  upon  amounts  of  the  nitrate  varying  from  0*16  grms.  to 
0*32  grms.  errors  of  0*3  per  cent  to  1*5  per  cent. 

In  the  processes  involving  the  treatment  of  the  nitric  oxide, 
the  errors  are  usually  greater  and  more  variable.  Thus, 
Schloesing's  process  gave  Eder  eri-ors  of  0*2  per  cent  to  2  per 
cent  upon  approximately  0*15  grms.  of  the  nitrate,  and  10  per 
cent  and  12*5  per  cent  respectively  upon  0'0279  grms.  and 
0*0249  grms.  of  the  nitrate.  In  Reichardt's  modification  the 
errors  are  slightly  larger  on  the  average  but  vary  similarly, 
and  Tiemann's  method  of  measuring  the  gas  over  caustic  soda 
yields  results  closely  comparable  with  those  of  the  Reichardt 
process  and  but  little  inferior  to  those  of  Schloesing. 

The  way  in  which  the  results  vary  in  all  the  processes  in 
which  the  nitric  oxide  is  estimated  has  very  generally  been 
regarded  as  suggestive  of  an  oxidizing  action  upon  the  nitric 
oxide,  nearly  constant  in  amount,  and  productive  of  increasing 
percentage  errors  as  the  amount  of  nitrate  decreases.  The 
intermixture  of  ordinary  air  would  naturally  produce  diminu- 
tion of  the  volume  of  the  nitric  oxide,  but  the  oxidation  of 
this  by  free  air  of  normal  composition  should  produce  no  eflfect 
upon  the  total  volume  of  the  gas  in  cases  where  this  is  meas- 
ured, if  the  oxidation  goes,  as  is  generally  supposed,  to  the 
point  of  forming  nitrous  acid  ;  for  the  introduction  of  a  given 
volume  of  oxygen  (in  air)  means  the  simultaneous  introduction 
of  four  volumes  of  nitrogen,  and  the  single  volume  of  oxygen 
is  capable  of  causing  the  disappearance  of  exactly  four  vol- 
umes of  nitric  oxide  converting  it  into  nitrous  acid,  so  that 
four  volumes  of  nitrogen  would  be  left  to  replace  the  four 
volumes  of  nitric  oxide  removed.  If  the  oxidation  be  sup- 
posed to  go  to  the  point  of  forming  some  nitric  acid  there 
should  be  left  three  volumes  of  nitrogen  to  replace  every 
volume  of  nitric  oxide  converted  to  nitric  acid,  and  the  total 
volume  should  be  greater  after  oxidation  than  before. 

In  order  to  account  for  the  low  results,  therefore,  on  the 

assumption  of  an  oxidizing  action  due  to  free  air,  we  must 

conclude  that  such  air  is  derived  principally  from  solution  in 

the  reagents,  which  would  naturally  hold  oxygen  in  excess  of 

the  proportion  in  which  it  exists  in  atmospheric  air.     Air  in 

solution  in  the  receivers  would  most  readily  produce  the  ob- 

Am.  Joub.  Soi.— Thibd  Series,  Vol.  XLYI^  No.  272. — A\3(i\3aT,  \%^"i. 
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served  decrease  in  volume,  for  the  nitrogen  in  dissolved  air 
would  naturally  still  remain  dissolved  without  relation  to  the 
disappearance  of  dissolved  oxygen.  If  the  deficiencies  ob- 
served in  Schloesing's  process  are  due  at  all  to  oxidation  of  the 
nitric  oxide,  it  is  natural  to  suppose  that  such  oxidation  must 
take  place  during  the  passage  of  the  gas  from  the  evolution 
flask  to  the  mercurial  receiver,  but  in  the  processes  which 
involve  the  collection  of  the  gas  over  aqueous  caustic  alkali 
oxidation  might  readily  be  brought  about  by  dissolved  oxygen, 
and  in  this  case  the  nitric  oxide  removed  would  not  be  re- 
placed by  nitrogen.  The  last  mentioned  source  of  error, 
Glaser*  has  recently  proposed  to  correct  by  collecting  the  gas 
over  a  solution  of  potassium  iodide  instead  of  over  caustic 
soda. 

The  deficiency  in  the  total  volume  of  gas  may  also  be  caused 
partially  or  wholly  by  the  solubility  of  nitric  oxide  in  caustic 
alkali.  Waringtonf  has  shown  that  caustic  soda  is  capable  of 
slowly  absorbing  nitric  oxide,  and  Russell  and  LapraikJ  state 
that  upon  long  standing  over  caustic  soda,  nitric  oxide  is  decom- 
posed into  nitrous  acid,  nitrous  oxide,  and  nitrogen. 

Errors  of  the  same  sort  and  in  the  same  direction  as  those 
produced  by  the  action  of  caustic  alkali,  either  alone  or  with 
dissolved  air,  or  of  air  in  the  apparatus,  would  be  the  natural 
consequence  of  a  failure  of  the  ferrous  salt  to  effect  decom- 
position exactly  according  to  the  assumed  reaction.  Incom- 
pleteness of  decomposition  of  the  nitric  acid,  or  the  formation 
of  an  oxide  of  nitrogen  higher  than  nitric  oxide  would  result 
in  producing  too  small  a  volume  of  nitric  oxide,  and  so  also 
would  the  over  reduction  of  the  nitric  oxide  to  nitrous  oxide 
or  nitrogen.  We  have,  moreover,  abundant  evidence  on  the 
one  hand  both  of  the  incompleteness  of  decomposition  of  nitric 
acid,  and  of  the  production  of  a  higher  oxidation  product  by 
the  action  of  the  ferrous  salt  under  modified  conditions,  and, 
on  the  other  hand,  the  statement  of  Carius§  that  prolonged 
contact  of  nitric  oxide  with  ferrous  sulphate  induces  further 
reduction  of  the  nitric  oxide.  Thus,  Abel  and  Bloxam||  found 
that  when  the  nitrate  was  introduced  into  a  boiling  solution  of 
ferrous  sulphate  containing  an  excess  of  sulphuric  acid,  nitrous 
acid  was  evolved,  and  some  nitric  acid  remained  unaltered  even 
after  prolonged  boiling ;  and  Eder^  after  demonstrating  (at  least 
inferentially  from  analytical  results)  that  practically  complete 
decomposition  to  nitric  oxide  results  when  the  nitrate  is  put 
into  a  strongly  acid  and  cold  solution  of  ferrous  sulphate  in 
excess,  and  the  heating  made  gradual,  showed  that  under  con- 
ditions otherwise  similar  excepting  that  the  mixture  was  hoil- 

*Zeit8chr.  fiir  Anal.  Chera.,  xxxi,  285.      f  Journ.  Chem.  Soc,  xxzvii,  476. 

f.Tourn  Ohem.  Soc,  xxxii,  35.  §  Ann.  Chem.  u.  Pharm.,  xciv,  138. 

Journ.  Chem.  Soc,  ix,  97.  \  Zeiischr.  fiir  Anal.  Chem.,  xvi,  267- 
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ing  when  tite  nitrate  was  iatrodnced,  a  higher  oxide  of  nitro- 
gen was  evolved  in  quantity  sufficient  to  be  visibly  red,  while 
the  oxidation  of  the  ferrons  salt  in  the  residue  fell  to  ninety 
per  cent  of  its  normal  value. 

These  facts  and  tlie  consideration  that  the  analytical  methods 
in  which  the  nitric  oxide  is  estimaied  give  without  exception 
unexpectedly  low  resulta  have  led  me  to  looli  a  little  more 
carefully  into  the  conditions  under  which  the  reaction  of  fer- 
rous salts  upon  the  nitrate  may  be  expected  to  give  the  volume 
of  nitric  oxide  most  nearly  approaching  the  theoretical  yield. 


The  apparatas  which  I  have  found  most  satisfactory  for  this 
work  consists  of  a  small  tubulated  retort,  upon  the  neck  of 
which  is  fitted  a  small  condenser  to  prevent  loss  of  liquid  dur- 
ing the  distillation.  Into  the  tnbulature  of  this  retort  is  fitted 
tightly,  by  a  carefully  ground  joint,  a  tube  drawn  out  so  as  to 
dip  below  the  surface  of  the  liqnid,  and  fitted  with  carefully 
ground  stop-cocks, — as  shown  in  the  figure, — and  bo  branched 
above  as  to  make  it  possible  to  transmit  carbon  dioxide  through 
the  apparatus,  or  to  admit  any  liqnid  without  admixture  of  air. 
The.  condenser  is  joined  to  a  Will  and  Tarrentrapp  bulb  iised 
as  a  trap,  and  this  in  turn  is  connected  by  thick  vacuum  tul> 
ing  with  a  Hempel  gas-burette.  Carbon  dioxide  was  generated 
in  a  Jiipp's  apparatus  by  action  of  boiled  hydrochloric  acid 
upon  boiled  marble,  and  tlie  liquid  was  charged  with  cuprous 
chloride,  following  Warrington's  device,  to  take  up  traces  of 
dissolved  oxygen.  Notwithstanding  all  precautions,  I  have 
met  with  the  generally  recognized  experience  in  finding  that 
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the  gas  from  the  generator  is  never  so  pure  that  a  hundred 
cubic  centimeters  of  it  will  not  leave  a  tiny  bubble  when 
shaken  with  a  solution  of  caustic  soda. 

With  the  apparatus  described  the  following  experiments 
were  made.  Potassium  nitrate  (0*1  ffrm.)  was  introduced  into 
the  retort,  generally  in  the  dry  condition,  carbon  dioxide  was 
passed  through  the  apparatus  until  the  gas  collected  over 
sodium  hydroxide  left  only  the  minute  bubble  which  the  gas 
from  the  generator  alone  had  been  found  to  give,  and  40  cubic 
centimeters  of  a  boiled  solution  of  ferrous  chloride  in  hydro- 
chloric acid  was  admitted  through  the  funnel  tube,  after  shut- 
ting oflf  the  carbon  dioxide  and  lowering  the  leveling  tube  of 
the  Hempel  burette.  With  the  stop  cocks  arranged  as  in 
sketch,  the  liquid  was  then  slowly  heated  to  boiling  and  the 
process  continued  until  the  reaction  of  the  ferrous  salt  upon 
the  nitrate  was  apparently  complete,  when  the  carbon  dioxide 
was  again  passed  through  the  apparatus  to  secure  complete  re- 
moval of  the  nitric  oxide,  the  absorption  of  the  carbon  dioxide 
being  hastened  by  inclining  and  shaking  the  burette  at  inter- 
vals. The  volume  of  the  gas  under  existing  barometric  and 
thermometric  conditions  was  noted.  To  discover  how  much 
of  the  gas  collected  was  actually  nitric  oxide,  I  have  found  it 
best  to  absorb  this  gas  by  potassium  permanganate.  This  is 
very  easily  and  quickly  accomplished  by  attaching  a  funnel  to 
the  Hempel  burette  through  which  a  strong  solution  of  potas- 
sium permanganate  can  be  introduced.  I  have  generally  taken 
the  precaution  of  adding  water  first  in  order  to  prevent  the 
possibility  of  any  local  action  between  the  potassium  perman- 
ganate and  caustic  soda  by  means  of  which  oxygen  might  be 
produced. 

The  following  tables  give  the  results  of  experiments  per- 
formed in  this  way.  In  the  first  column  is  given  the  absolute 
volume  of  the  gas  unabsorbed  by  KMnO^,  in  the  second  the 
per  cent  KNO3  reckoned  as  if  the  total  volume  were  nitric 
oxide,  and  in  the  third  the  percentage  reckoned  from  the 
absorbed  nitric  oxide.  In  eases  where  potassium  iodide  was 
used  in  the  Will  and  Varrentrapp  tube  to  break  up  any  higher 
oxides  of  nitrogen  that  might  be  formed,  the  amount  of  iodine 
thus  set  free  is  given. 

In  experiment  (3)  of  Table  I,  the  ferrous  chloride  was  qnade 
by  dissolving  iron  wire  in  boiled  hydrochloric  acid,  and  the 
potassium  nitrate  was  dissolved  in  boiled  water  and  added  to 
the  ferrous  chloride.  With  this  dilution,  the  reaction  pro- 
ceeded very  slowly  and  it  was  found  necessary  to  add  several 
successive  portions  of  hydrochloric  acid  before  the  reaction 
was  complete,  but  the  results  as  finally  obtained  are  quite  com- 
parable with  those  obtained  by  a  more  rapid  process. 
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I. 

With  potassium  iodide  in  the  Will  and  Varrentrapp  tube. 


Vol.  of 

Per  cent  from 

Per  cent  from 

uuabsorbed  gas. 

total  vol. 

absorbed  vol. 

Iodine. 

(0 

•45  cm' 

9998 

98-1 

•0004 

(2) 

•65 

99-8,3 

96-74 

•0008 

(3) 

•45 

100-3 

97-6 

•0004 

(^) 

•6 

99-7 

97-7 

•0022 

II. 

With  water  in  Will  and  Varrentrapp  tube. 

(1)  -6  97-76  95^  

(2)  •e  97^76  95-2  

(3)  -6  97-9  95^2  

(4)  -6  97-4  94-7  

(5)  2-43  97^3  87^  

It  will  be  seen  by  a  glance  at  the  tables  that  the  best  ana- 
lytical results  are  obtained  by  the  use  of  potassium  iodide  in 
the  Will  and  Varrentrapp  tube  and  calculation  from  the  total 
volume  of  gas.  The  average  of  the  results  obtained  above, 
omitting  for  a  reason  which  will  appear  later  the  last  experi- 
ment 01  the  second  series,  may  be  expressed  in  this  way  : 

With  KI.       With  water.       DiflEerence. 
Per  cent  from  total  gas  99^95  97*7  2-25 

"  "  nitric  oxide  97-53  95-0  2*53 


Diff.       2-42  2-7 

In  each  case  there  is  an  amount  of  gas  equal  to  about  2*5 
per  cent  of  the  total  volume  which  is  not  nitric  oxide.  In 
whichever  way  reckoned  the  total  amount  of  gas  collected  is 
about  2*5  per  cent  greater  when  potassium  iodide  is  used  than 
when  water  is  used  in  the  Will  and  Varrentrapp  tube.  This 
would  indicate  that  some  higher  oxide  of  nitrogen  is  formed 
and  is  decomposed  by  the  potassium  iodide  with  a  liberation  of 
nitric  oxide  equal  to  about  2*5  per  cent  of  the  total  volume  of 
gas.  In  case  the  formation  of  this  oxide  were  due  to  traces  of 
air  which  oxidized  the  nitric  oxide  to  nitrous  acid,  the  volume 
of  nitrogen  thus  left  would  be,  as  has  been  shown,  exactly 
equal  to  that  of  the  nitric  oxide  oxidized,  and  therefore  there 
should  be  about  2*5  per  cent  of  gas  incapable  of  absorption  by 
potassium  permanganate,  which  is  practically  found  to  be  the 
case.  This  would  furnish,  then,  a  simple  explanation  of  the 
results  given.  Supposing  this  explanation  to  be  the  correct 
one,  the  presence  of  air  should  not  influence  the  total  volume 
of  gas  in  case  potassium  iodide  is  not  used.  To  test  this  point, 
the  last  experiment  of  the  second  series  was  performed.  This 
experiment  was  done  in  exactly  the  same  way  as  the  others 
except  that  the  carbon  dioxide  was  not  allowed  to  pass  through 
long  enough  to  displace  the  air  completely.  It  will  be  observed 
that  the  total  volume  of  gas  is  practically  the  same  as  in  the 
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other  experiments,  but,  as  would  naturally  be  expected,  the 
volume  of  gas  incapable  of  absorption  by  potassium  perman- 
ganate is  much  increased. 

An  interesting  conlirmation  of  the  supposition  that  small 
quantities  of  air  introduced  into  nitric  oxide  confined  over 
caustic  soda  would  not  influence  the  total  volume  of  gas  was 
found  in  some  experiments  performed  later.  After  the  nitric 
oxide  in  the  Hempel  burette  had  been  accurately  measured, 
air  was  introduced  through  the  upper  stop  cock,  a  cubic  centi- 
meter at  a  time,  and  the  burette  lightly  shaken.  It  was  found 
that  more  than  twenty  cubic  centimeters  of  air  could  be  intro- 
duced in  this  way.  without  materially  aflFecting  the  total  volume 
of  gas,  but  that  the  volume  began  to  increase  when  about  one 
cubic  centimeter  of  nitric  oxide  was  left  unoxidized,  as  subse- 
quently determined  by  potassium  permanganate. 

In  the  fifth  experiment  of  Table  II,  supposing  the  2*43 
cubic  centimeters  of  unabsorbed  gas.  to  represent  nitrogen  left 
from  air  which  had  oxidized  the  nitric  oxide  to  nitrous  acid 
2*5  cubic  centimeters  of  nitric  oxide  would  thus  have  been 
made  to  disappear,  and  the  amount  of  nitric  oxide  left  should 
be  89  per  cent,  2  per  cent  higher  than  that  obtained.  On  the 
same  supposition,  in  the  four  preceding  experiments,  the  '6 
cubic  centimeters  of  unabsorbed  gas  represent  a  loss  of  '6 
cubic  centimeters  of  nitric  oxide  which  corresponds  to  a  loss 
of  about  3  per  cent  on  the  nitrate,  so  that  the  results  reckoned 
from  the  absorbed  gas  should  be  about  97  per  cent  instead  of 
95  per  cent  as  found.  Here,  again,  is  an  unexplained  loss  of 
about  2  per  cent.  Moreover,  with  the  use  of  potassium  iodide, 
it  is  plain  that,  in  whatever  way  these  higher  oxides  of  nitrogen 
may  be  formed,  they  should  be  entirely  broken  up  into  nitric 
oxide,  so  that  the  amount  reckoned  from  the  absorbed  gas 
should  be  100  per  cent,  whatever  the  total  volume  may  be. 
We  find  instead  that  we  get  an  average  of  97*6  per  cent,  a  loss 
of  a  little  more  than  two  per  cent.  It  seemed  probable,  then, 
that  as  these  experiments  were  done,  there  was  a  loss  of  from 
2  to  2*5  per  cent  of  nitric  oxide  by  solution  in  caustic  soda. 
This  loss  would  mean  the  solution  of  '5  to  '6  cubic  centimeters 
of  the  gas  after  being  thoroughly  shaken  with  about  75  cubic 
centimeters  of  strong  caustic  soda,  an  amount  of  solubility 
which  did  not  seem  at  all  improbable  and  which  would  be 
quite  in  accordance  with  the  results  of  VVarington's  experi- 
ments, previously  mentioned. 

The  following  set  of  experiments  was  therefore  undertaken 
with  the  double  object  of  studying  the  solubility  of  nitric  oxide 
in  caustic  soda,  and  noting  any  conditions  of  temperature  or 
proportions  which  might  influence  the  course  of  the  reaction. 
The  same  apparatus  was  used  as  in  the  preceding  experiments 
except  that  a  Geissler  tube  tilled  with  water  was  inserted  be- 
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tween  the  Will  and  Varrentrapp  tube  and  the  Heinpel  burette 

to  prevent  the  possibility  of  any  iodine  being  carried  over 

mechanically  into  the  gas  receiver.     In  all  cases  the  Will  and 

Varrentrapp  tube  was  filled  with  potassium  iodide,  and  the 

amount  of  iodine  liberated  estimated  by  titration  with  sodium 

thiosulphate. 

III. 

Per  cent  reckoned  Amount  of 

from  total  vol.  of  gas.  iodine  in  grams. 

(1)  99-  •(»024 

(2)  100-5  -0043 

(3)  99-2  -0150 

(4)  99-4  -0020 

(5)  100-8  -00355 

(6)  98-9  -0008 

In  the  last  five  experiments  of  this  series,  the  caustic  soda 
solution  was  thoroughly  boiled  to  eliminate  any  error  which 
might  arise  from  oxidation  of  the  nitric  oxide  by  air  dissolved 
in  the  liquid,  but  with  no  marked  diflFerence  in  the  results. 

In  all  except  the  last  one  of  tliese  experiments,  the  nitrate 
and  ferrous  chloride  were  brought  together  in  a  more  or  less 
hot  solution  instead  of  being  heated  gradually,  and  although 
the  amounts  of  iodine  vary,  it  will  be  seen  that  they  are  on 
the  whole  greater  in  this  series  than  in  the  experiments  in 
which  the  reacting  bodies  were  brought  together  in  the  cold. 
This  would  indicate  the  possibility  of  some  slight  local  action 
in  the  hot  solution  by  which  higher  oxides  of  nitrogen  are 
generated,  but  any  analytical  error  from  this  source  is  corrected 
by  the  use  of  the  potassium  iodide  which  converts  them  into 
nitric  oxide. 

In  experiment  (3)  of  this  series,  where  a  very  large  amount 
of  iodine  is  liberated,  only  one  half  as  much  ferrous  chloride 
was  used  in  proportion  to  the  amount  of  nitrate  as  was  taken 
in  the  other  experiments,  so  that  the  amount  of  iron  present 
must  have  been  very  near  the  theoretical  limit.  Here  the 
amount  of  iodine  would  indicate  the  formation  of  a  higher 
oxide  of  nitrogen,  an  error  corrected  however  by  the  use  of 
potassium  iodide  so  that  the  percentage  as  calculated  from  the 
total  volume  of  gas  compares  well  with  the  results  obtained 
in  the  other  experiments.  In  experiment  (6)  also,  a  rather 
small  excess  of  the  FeCl,  was  taken  (-255  grms.  Fe  being 
weighed  out,  whereas  "16^  is  theoretically  required),  but  in 
this  case  the  liquids  were  almost  cold  when  brought  together, 
and  the  amount  of  iodine  set  free  is  very  small. 

In  several  cases  experiments  were  made  to  test  the  solubility 
of  the  nitric  oxide  in  caustic  soda.  In  experiment  (2)  the 
gas  was  allowed  to  stand  over  the  liquid,  with  frequent  shak- 
ing, for  about  an  hour  when  the  volume  had  decreased  from 
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24*8  to  22*6  cubic  centimeters.     In  experiment  (3),  after  the 
lapse  of  an  hour  with  similar  treatment,  the  volume  of  gas 
had  decreased  four  cubic  centimeters,  and  one  cubic  centimeter  . 
was  lost  by  the  gas  simply  standing  over  night  over  caustic 
soda. 

To  determine  whether  the  nitric  oxide  went  into  solution  as 
such  or  in  the  form  of  nitrite,  the  following  experiments  were 
performed.  About  30  cubic  centimeters  of  the  liquid  were 
drawn  oflf  by  stopcock  at  bottom  of  Hempel's  burette  into  an 
acidified  solution  of  potassium  iodide,  freely  exposed  to  air, 
and  the  amount  of  iodine  set  free  determined  by  titration  with 
sodium  thiosulphate.  Again,  30  cubic  centimeters  more  of  the 
same  solution  were  treated  in  exactly  the  same  way  except 
that  the  flask  containing  the  potassium  iodide  was  first  filled 
up  with  carbon  dioxide  and  air  carefully  excluded.  On  two 
trials  it  was  found  that  the  amount  of  iodine  set  free  under 
the  latter  circumstances  was  very  small,  and  less  than  one-half 
as  much  as  that  set  free  when  air  was  admitted  freely,  showing 
very  plainly  that  some,  and  perhaps  most,  of  the  nitric  oxide 
was  dissolved  as  such,  without  chemical  action  of  the  caustic 
soda. 

The  principal  conclusions  to  which  this  study  of  the  estima- 
tion of  nitrates,  by  measurement  of  the  volume  of  nitric  oxide 
swept  along  by  carbon  dioxide  and  collected  over  caustic  soda, 
has  led  me,  are  as  follows  : 

1.  The  best  analytical  results  are  obtained  according  to  this 
method  by  passing  the  gas  through  potassium  iodide  before 
collection,  and  estimating  from  the  total  volume  of  gas  col- 
lected."^ 

2.  If  air  be  present  in  the  apparatus  at  the  outset,  it  will 
not  aflfect  the  total  volume  of  gas  if  potassium  iodide  be  nofc 
used,  or  if  the  nitric  oxide  tneet  the  air  beyond  the  Will  and 
Yarrentrapp  bulb.  When  potassium  iodide  is  used,  air  in  the 
apparatus  would  make  the  total  volume  too  large,  but  with 
small  amounts  of  air,  this  error  is  counterbalanced  by  the  solu- 
bility of  nitric  oxide  in  caustic  soda. 

3.  Since  the  nitric  oxide  is  perceptibly  soluble  in  caustic 
soda  upon  shaking,  the  gas  should  not  be  left  long  in  contact 
with  the  liquid  before  the  volume  is  measured. 

4.  If  the  hydrochloric  acid  used  is  very  dilute,  the  reaction 
proceeds  very  slowly,  but  leads  finally  to  the  same  results. 

5.  If  the  nitrate  and  ferrous  salts  are  brought  together  hot, 
some  higher  oxides  of  nitrogen  may  be  formed,  but  the  error 
is  corrected  by  the  use  of  potassium  iodide. 

6.  If  potassium  iodide  is  used  the  results  are  accurate  even 
when  the  ferrous  chloride  is  present  only  in  very  slight  excess. 

*This  result  accords  with  Glaser's  experience  in  collecting  the  gases  evolved 
unmixed  with  COj,  over  KI — [loc.  cit. ) 
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A.RT.   XIX. — Concerning  the  Structure  of  Caoutchouc;    by 

Hermann  F.  Lueders.'*^ 

While  examining  a  number  of  specimens  of  crude  rubber 
from  various  regions,  with  regard  to  their  impurities,  ray 
attention  was  directed  to  the  microscopic  characters  of  the 
•ubber  itself.  The  literature  on  the  subject  being  scanty,  it 
ippeared  as  if  a  brief  examination  of  the  matter  might  be 
profitable.     The  following  is  a  short  summary  of  my  results. 

Being  unable  to  procure  fresh  stems  of  any  rubber-produc- 
ing plant,  except  Picus  elastica,  the  succeeding  details  con- 
jerning  the  appearance  and  properties  of  the  latex  are  taken 
from  that  plant  only. 

In  Ficus  elastica  the  caoutchouc  is  found  in  the  copious 
latex  which  is  contained  in  relatively  narrow,  branching  ves- 
sels, abundant  in  the  hypodermal  and  pith  parenchyma.  The 
caoutchouc  exists  in  the  form  of  small,  colorless  globules  on 
the  average  3//  in  diameter ;  collected  under  oil  of  almonds 
it  retains  the  original  appearance  for  some  time ;  in  about  half 
in  liour  the  globules  begin  to  coalesce,  while  at  the  same  time, 
•olid  particles  separate  out  of  the  menstruum  in  which  the 
droplets  are  suspended.  If  the  latex  exudes  in  the  air,  the 
coalescence  of  the  globules  is  very  rapid  and,  with  the  evap- 
oration of  the  watery  material,  results  in  the  speedy  forma- 
tion of  a  transparent  film,  soluble  in  chloroform,  ether,  benzole, 
carbon  disulphide  and  similar  solvents. 

There  remains,  however,  an  abundant  white  residue  when 
the  dried  latex  is  treated  with  any  of  the  above  solvents.  This 
residue  consists  of  acicular  or  tabular  crystals  and  grains.  Its 
behavior  in  presence  of  acids  and  other  reagents,  before  and 
after  ignition,  seems  to  indicate  its.  identity  with  calcium 
oxalate,  while  traces  of  starch  are  also  found  to  be  present. 

Faradayt  found  that  a  specimen  of  latex,  brought  in  a 
sealed  bottle  from  South  America,  had  an  acid  odor.  It  does 
not  appear  from  what  plant  the  latex  in  question  was  derived, 
nor  whether  its  acidity  was  original  or  due  to  fermentation. 
In  Ficus  the  latex  shows  a  weak  alkaline  reaction  brought  out 
only  by  delicate  indicators.  The  coalescence  of  the  caoutchouc 
globules  under  the  influence  of  the  air  takes  place  quite 
rapidly  and  completely  so  that  the  solidified  latex  rarely  shows 
any  globules,  nor  have  any  of  the  specimens  of  crude  rubber 
in  the  Harvard  Botanical  Museum,  which  I  had  the  privilege 

*  Presented  to  the  American   Academy  of   Arts   and   Sciences,   Boston,   by 
Professor  Goodale. 
f  Quar.  Jour,  of  Science,  Literature  and  the  Arts,  xi,  p.  15,  quoted  by  Wiesner. 
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of  examining,  shown  the  presence  of  rubber  globules  still 
distinct  in  tne  mass,  although  Wiesner*  states  that  he  distin- 
guished them  in  one  variety. 

But  even  if  solidification  obliterates  all  traces  of  the  orig- 
inal globules,  does  nc»t  the  rubber  in  its  solid  state  show  a 
structural  arrangement  c(»mmon  to  all  its  varieties  ? 

Payenf  claims  for  it  an  irregular  reticulated  structure, 
Wiesner:j:  finds  also  many  cases  of  reticulation,  though  also 
some  where  only  a  crumpled  foliar  structure  was  visible. 
Faraday  on  the  other  hand  regards  rubber  as  structureless. 
Of  the  twenty  specimens  which  I  examined  no  two  agreed  in 
their  microscopic  structure ;  three  main  types  might,  however, 
be  distinguished.  Namely  (1)  the  blistery  flowage  (2),  the 
reticulated,  and  (3)  the  stratified.  Reticulation  proves  of  in- 
frequent occurrence,  while  stratification  predominates.  The 
coarse  stratification  can  generally  be  shown  to  be  parallel  to 
the  surface  of  the  rubber  mass,  while  solidifying.  Most  strat- 
ified specimens  showed  a  system  of  crumpled,  branching,  or 
broken  crosslines,  such  as  might  be  formed  by  the  shrinking 
of  any  drying  layer.  In  some  of  the  stratified  specimens, 
peculiar  illusory  appearances  are  discernible  resembling  roughly 
the  structure  of  wood-cells  of  certain  conifers  or  in  a  few  cases 
ducts  of  angiosperins.  These  misleading  appearances  are  pro- 
duced by  particles  of  included  dust,  fragments  of  wood  bark, 
and  the  like. 

Different  parts  of  the  same  sample  are  frequently  found  to 
possess  unlike  structure.  These  facts  lead  us  to  doubt  not 
only  the  presence  of  a  definite  structure  common  to  all  kinds 
of  rubber,  but  also  of  any  structure  distinctively  peculiar  to 
each  one. 

In  order  to  place  the  above  statement  on  a  yet  firmer  basis 
I  made  chloroform  solutions  of  various  varieties  of  rubber. 
These  were  allowed  to -solidify  and  then  sectioned  and  ex- 
amined. Various  markings  were  found,  but  none  similar  to 
those  of  the  respective  varieties  before  dissolving. 

Caoutchouc  then  has  no  definite  structure,  per  se,  and  all 
apparent  structure  is  only  the  result  of  the  conditions  under 
which  its  coagulation  from  the  latex,  and  subsequent  solidifica- 
tion take  place. 

In  Wiesner's  discussion  of  the  microscopic  properties  of 
rubber,  occur  the  following  statements:  "all  varieties  of  rub- 
ber so  far  as  examined  by  me,  appeared,  between  the  Nicols 
of  the  polarizing  microscope,  in  brilliant  colors."  "  The  polar- 
ization colors  appear  most  striking  if  a  thin  section  of  caout- 
chouc is  strongly  compressed  between  two  slides."* 

*  Wiesner.  Rohstoffe  des  Pflanzenreichcs,  p.  158.       f  Compt.  Rendus,  ixxiv. 
i  Rohstoffe,  p.  164.  §  Rohstoffe,  pp.  164,  165. 
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The  latter  statement  suggested  the  question,  whether  the 
colors  so  observed,  might  not  be  merely  the  result  of  tension 
which  must  here  undoubtedly  exist  in  consequence  of  the 
pressure. 

All  samples  on  hand  were  examined  with  reference  to  this 
property.  Thin  sections  were  made  with  a  razor,  and  placed 
svithout  a  coverglass  on  the  stage  of  a  polarizing  microscope ; 
3very  one  of  them  displayed  colors  more  or  less  striking. 

Then  arose  the  next  question :  the  tension  of  pressure  had 
ndeed  been  obviated  in  the  last  series  of  tests,  but  might  not 
;he  mechanical  operation  of  cutting  produce  a  tension  on  the 
lurface  of  the  adhesive  rubber  ? 

To  answer  this,  several  tests  seemed  applicable.  By  wash- 
ng  a  section  in  chloroform,  the  superficial  layer  that  might 
lave  been  stretched  in  cutting  could  be  removed.  By  cutting 
k  section  with  a  hot  platinum  wire,  tension  was  not  likely  to 
)e  produced.  &y  dissolving  and  then  drying  rubber  it  could 
3e  examined  before  any  outside  force,  other  than  surface  ten- 
sion, could  have  influenced  it.  By  examining  fresh  latex, 
iquid  or  dried,  the  properties  of  the  original  globules  could 
l>e  ascertained.  The  results  of  these  different  tests  agree  com- 
pletely ;  no  colors  appear.  When,  however,  the  resolidified 
rubber  or  dried  latex  was  sectioned  however  carefullv  or 
quickly,  or  stretched,  colors  invariably  appeared.  These 
results,  and  absence  of  polarization-colors  whenever  tension 
was  removed,  presence  of  colors  where  tension  might  exist, 
allow  but  one  conclusion.  The  property  of  displaying  various 
prismatic  colors  under  the  rotating  Nicol  of  the  polarizing 
microscope,  probably  does  not  belong  as  such  to  any  of  the 
varieties  of  crude  rubber  brought  into  our  markets,  and  these 
colors  so  frequently  noted  are  best  explained  as  incidental 
results  of  the  way  in  which  the  objects  are  generally  prepared 
for  examination. 


Art.  XX. — Fishers  New  Hypothesis ;  by  Geo.  F.  Becker. 

In  the  June  number  of  this  Journal*  Mr.  O.  Fisher  reaches 
the  conclusion  that  on  an  earth  of  small  viscosity,  that  is  a 
fluid  globe,  the  height  of  the  oceanic  tides  would  be  dimin- 
ished by  only  a  moderate  fraction  of  its  height  on  a  rigid 
earth.  He  infers  that  the  existence  of  tides  of  short  period 
does  not  indicate  a  high  value  for  the  rigidity  of  the  earth ;  a 
conclusion  of  great  interest  to  geologists,  some  of  whom  per- 
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haps  will  not  care  to  undertake  an  examination  of  the  reason- 
ing employed  in  reaching  it. 

Mr.  Fisher  obtains  this  unlooked  for  result  by  discussion  of 
a  formula  of  Prof.  G.  H.  Darwin  giving  the  height  of  the 
oceanic  tide  relatively  to  the  nucleus  on  the  "canal  theory" 
for  a  yielding  earth,  whether  the  yielding  is  elastic  or  not. 
For  comparison  Darwin  also  states  the  height  of  the  relative 
tide  on  the  equilibrium  theory  for  the  same  value  of  the 
potential.**^  The  formulas  involve  the  lag  of  the  tide,  which 
disappears  when  the  case  of  a  fluid  earth  or  that  of  a  rigid 
earth  is  considered. 

Neglecting  the  lag,  the  formula  for  the  "canal  theory" 
may  be  written 


«.-,=R(l-2A.?f) 


where  7*  is  the  radius  of  the  tidal  water- surface,  an  the  radios 
of  the  nucleus,  R  one-half  the  total  amplitude  of  the  tide  on 
a  rigid  earth,  g  the  acceleration  of  gravity,  A  (which  Darwin 
denotes  by  E)  the  greatest  semi-amplitude  of  the  bodily  tide 
at  the  equator  and  r  is  three  times  the  moon's  mass  into  the 
square  of  the  earth's  mean  equatorial  radius  divided  by  twice 
the  cube  of  the  moon's  distance. 

The  formula  for   the  equilibrium  theory  under  the  same 
conditions  is 


r'-«'.=  R'(l-2A.|:) 


where  the  primed  letters  denote  quantities  corresponding  to 
the  same  letters  unprimed  in  the  other  formula. 

From  a  comparison  of  the  full  formulas,  equally  applicable 
to  those  given  above,  Darwin  points  out  that  where  the  one 
formula  gives  high  water  the  other  gives  low  water.  This  is 
also  the  main  difference  between  the  theories.f  Either 
formula  gives  the  tide  on  a  rigid  nucleus  when  A  is  zero.  For 
a  fluid  homogeneous  globe  A  is  the  same  on  either  theory. 

Mr.  P^'isher  draws  his  own  conclusions  from  an  evaluation 
of  2 A  .  2^/5r,  which  he  computes  at  2/5  nearly.  He  infers 
that  on  the  canal  theory  the  tides  cannot  be  less  than  3/5  of 
their  height  on  a  solid  globe.:]:     He  might  also  by  the  same 

*  Phil.  Trans.,  vol.  clxx.  p.  2G,  1879. 

\  Compare  Darwin's  article  on  tides,  Enc.  Brit.,  9t]i  edition,  vol.  xxiii,  p.  354, 
"tides  inverted."  The  dynamical  theory  for  an  earth  completely  covered  by 
the  ocean  would  g^ive  tides  of  the  same  height  as  the  equilibrium  theory,  if  the 
ocean  were  3.000  fathoms  deep  at  the  equator  and  shoaled  towards  the  poles. 
In  general  its  height  depends  on  the  distribution  of  depth.     Ibid,  section  15. 

X  Proc.  Cambridge  Phil.  Soc,  vol.  vii,  1892,  p.  337. 
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process  Lave  concluded  that  the  tides  would  show  a  corres- 
ponding amplitude  on  the  equilibrium  theory,  as  appears  from 
the  formulas  stated  above. 

Mr.  Fisher's  computation  is  incorrect  because  he  takes  for 
A  the  value  which  it  would  have  for  a  fluid  globe,  homo- 
geneous or  not,  were  there  no  mutual  attraction  between  the 
fluid  particles.  It  was  for  the  purpose  of  dealing  with  the 
eflEect  of  this  mutual  attraction  that  the  method  of  ''  spherical 
harmonics"  was  evolved.  The  effect  in  the  case  of  a  fluid 
globe  of  uniform  density  throughout  on  the  equilibrium  theory, 
18  well  known  to  be  an  increase  in  the  ellipticity  in  the  ratio 
1  to  1-3/5.  The  ellipticity,  ^,  of  the  equilibrium  lunar  tide, 
in  a  fluid  earth,  with  this  distribution  of  density,  composed  of 
mutually  attracting  particles  is     . 

^  ""  "2  •  2  •  D^' 

where  (as  in  Thomson  and  Tait,  Nat.  Phil.)  a  is  the  earth's 
mean  equatorial  radius,  D  the  moon's  distance,  E  the  earth's 
mass,  and  M  the  moon's  mass."*^ 

Since  the  ellipticity  is  small,  it  is  easy  to  see  that  2A=a^ 
and  therefore  also,  since  for  this  case  E/a''=^,  substitution  for 
A  and  r  of  the  values  assigned  to  them  above  gives 

2£  _   5    3^  o^     2     E     ^  J)' 
5r  "  ¥   2"  D^  •  5" '  a»  •  "3  Ma' ' 

and  here  the  second  member  reduces  to  unity  by  cancellation. 
In  general,  therefore,  or  irrespective  of  the  fluidity  of  the 
earth,   the  quantity    2A .  2^/5r   is   simply   the  ratio  of    the 

f greatest  bodily  equatorial  tide  in  any  special  case  to  the  equi- 
ibrium  tide  on  a  fluid  earth.  Thus  for  a  fluid  earth  the  canal 
theory  and  the  equilibrium  theory  give  the  same  result,  viz : 
no  relative  tide,  or 

1  —  2A  .  2^/5r  =  o. 

On  any  theory  yet  propounded  for  the  tides,  the  existence 
of  semi-diurnal  tides  indicates  an  earth  presenting  great  resist- 
ance to  deformation.  This  resistance,  so  far  as  the  tides  are 
concerned,  may  be  due  either  to  rigidity  or  to  the  viscosity 
of  an  ultraviscous  fluid,  some  20,000  times  as  viscous  as 
hard  brittle  pitch  at  34°  F.  In  the  same  paper  by  Darwin 
quoted  above,  he  comes  to  the  conclusion  "  that  no  very  con- 
siderable portion  of  the  interior  of  the  earth  can  even  dis- 
tantly approach  the  fluid  state." 

Washington,  D.  C,  June,  1893. 

*  Compare  Nat.  Phil.,  sectlou  819. 
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Art.  XXL — Criticism  of  Mr,  Fisher* s  Mema/rhs  on  Roch 

Fusion;  by  Carl  Barus. 

Although  the  experiments  of  Profs.  Roberts-Austen  and 
Rlicker^  were  made  in  answer  to  a  query  of  Mr.  Fisher's,  I 
think  he  is  laboring  under  a  misapprehension  as  to  their  work 
These  gentlemen  nowhere  state  that  the  rock  was  fused  below 
920°.  What  they  do  state  is,  "  There  is  a  large  absorption  of 
heat  in  the  neighborhood  of  800°,  which  raises  the  mean 
specific  heat  between  750°  and  880°  C,  to  the  large  value 
0*636 ;''  and  in  an  earlier  paragraph,  "  frequent  heatings  and 
coolings,  and  the  nature  of  the  flame — whether  oxydizing  or 
reducing — employed  to  heat*  the  mass  appeared  to  affect  the 
results  very  seriously." 

As  the  paper  of  Roberts- Austen  and  Rlicker  appeared  about 
the  time  when  I  was  making  the  diabase  experiments,  I 
looked  forward  to  these  anomalies  (as  I  believed  them  to  be) 
with  interest — more  particularly  as  Mr.  King  and  I  were  on 
the  lookout  for  polymerizations  accompanied  as  they  usually 
are  with  marked  volume  changes.  But  my  results  showed 
such  commonplace  smoothness  throughout  the  stated  interval 
of  temperature  that  I  gave  up  the  chase.  If,  however,  these 
anomalies  are  now  to  be  interpreted  as  fusion,  it  is  well  to 
bear  in  mind  that  the  melting  point  of  silver  is  at  about  954° ; 
and  that  if  dolerite  melts  even  below  920°  (760°  to  880°  as 
given  above)  it  ought  actually  to  run  on  a  surface  of  boiling 
zinc. 

We  did  not  try  dolerite.  True  we  had  a  list  of  rocks  to 
put  through  the  mill  after  it  had  been  invented ; — but  Con- 
gress in  its  wisdom  saw  no  public  value  in  our  lucubrations 
and  our  efforts  (with  mu^^^h  else  on  our  program)  were  fore- 
doomed. It  is  with  mingled  feelings  that  one  apologizes  for 
one's  toddling  paces  when  there  was  good  will  enough  for  a 
journey ! 

However,  to  believe  that  dolerite  can  be  slagged  in  a  zinc 
pot  or  even  fused  in  a  candle  flame  is  an  exertion,  and  one  is 
at  liberty  to  ask  the  privilege  of  trying  it. 

Suppose  for  the  sake  of  argument,  that  an  absolute  tempera- 
ture 920° +  273°  is  inserted  mto  Clausen's  equation  instead  of 
11 70° -f  273°.  The  effect  would  be  to  change  the  accepted 
relation  of  the  increments  melting  point  and  pressure  from 

*  Roberts- Austen  and  Riicker,  Phil.  Mag.,  xxxii,  p.  353,  1891.  With  regard 
to  these  experiments  I  have  already  expressed  myself  in  Phil.  Mag ,  xxxv,  pp. 
296,  305,  1893.  The  authors  themselves  state  "  As  we  have  not  definitely  proved 
what  is  the  cause  of  these  discrepancies  "  (those  of  the  above  text  being  meant), 
•'  we  publish  our  conclusions  with  a  certain  amount  of  reserve." 


Rema/rks  on  Rock  Fusion.  141 

0*025  to  0*021 ;  but  this  would  not  materially  alter  the  dia- 
grams, remembering  that  the  other  constants  of  the  equations 
are  found  independently. 

As  to  the  latent  heat  of  fusion,  it  is  a  question  whether 
there  is  such  a  datum  strictly  speaking.  What  I  did  was  to 
idealize  the  case,  by  slightly  prolonging  the  •  rate  at  which 
liquid  thermal  capacity  changes  with  temperature  in  the  direc- 
tion of  lower  temperatures  and  the  rate  at  which  solid  thermal 
capacity  changes  with  temperature  in  the  direction  of  higher 
temperature.  The  admissibility  of  snch  a  process  is  a  ques- 
tion of  experiment;  and  experiment  sustains  it  because  the 
two  loci  very  nearly  overlap.  Thus  one  can  state  that  if  dia- 
base fused  at  such  a  temperature  its  latent  heat  would  be  so 
and  so.  The  temperature  to  be  taken  is  clearly  the  melting 
point  obtained  in  the  volume  work. 

Now,  as  Mr.  Fisher  will  acknowledge,  mere  statements  of 
melting  point  and  latent  heat  for  dolerite  are  inadequate,  so 
long  as  the  volume  changes  at  fusion  are  missing.  He  might 
have  made  a  much  more  startling  statement  by  comparmg 
diabase  and  naphthalene,  for  instance  ;  the  latter  has  a  latent 
heat  say  twice  as  great  as  the  former,  in  spite  of  the  fact  that 
diabase  melts  at  a  temperature  enormously  high  as  compared 
with  the  other  body.  In  all  this  there  is  nothing  implied 
either  with  reference  to  the  law  of  fusion  in  question  or  the 
isometrics. 

In  the  case  of  diabase,  granting  merely  that  the  volume 
changes  experimentally  observed  are  correct,  the  following 
mean  values*  hold  good  : 

Melting  point  1200°  C,  cTY.dp  =  -020 
"  "       1100   C,  clT/dp       -027 

"  "        1000    C,  (IT  dp       -049 

To  go  below  this  it  would  be  necessary  to  actually  work  out 
the  relation  of  thermal  capacity  to  temperature  for  liquid 
diabase.  Nevertheless  the  data  given  are  sufficient  to  show, 
that  the  lower  melting  point  for  which  Mr.  Fisher  is  angling 
would  only  accentuate  our  cardinal  result,  viz  :  that  the  rate 
at  which  melting  point  increases  with  pressure  is  about  the 
same  in  silicates  and  in  organic  compounds.  My  conviction  of 
the  essential  correctness  of  Mr.  King's  constructions  is  there- 
fore unshaken. 

*  T  being  the  absolute  melting  point  at  the  pressure  p  in  atmosphere. 
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Akt.  XXII. — Larval  forms  of  Trilohites  fj*<ym  the   Lower 
Uelderherg  group  ;  by  C.  E.  Beecher.    (With  Plate  II.) 

Attention  has  previously  been  called  to  the  abundance 
and  perfection  of  fossils  in  the  siliceous  limestones  of  the 
Lower  Helderber^  gi*oup,  from  a  limited  locality  in  the  Helder- 
berg  Mountains,  south  of  Albany,  New  York.  Froper  methods 
of  collecting  and  preparation  yield  quantities  of  the  most  deli- 
cate and  exquisitely  preserved  animal  remains,  consisting 
chiefly  of  bryozoa,  with  numerous  brachiopods,  ostracodes, 
spicules  of  sponges,  small  corals,  lamellibranchs,  gastropods, 
and  disarticulated  trilobites.  Remains  of  hydrozoa,  echino- 
dermata,  annelids,  pteropods,  and  cephalopods,  are  less  fre- 
quent. 

The  conditions  of  preservation  are  such  that  not  only  are 
the  large  and  strong  species  preserved,  but  also  the  smallest, 
and  the  young  of  many  in  all  stages  of  growth.  As  would 
naturally  be  inferred,  the  study  of  this  fauna,  based  upon  such 
complete  material,  has  brought  to  light  many  undescribed 
species,  and  has  increased  the  range  of  known  genera,  besides 
affording  several  genera  new  to  science.  Altogether  about 
seventy  new  species  are  now  known  to  the  writer. 

Among  the  rarities  discovered  are  the  specimens  here  no- 
ticed, consisting  of  five  larval  trilobites  referred  to  the  genera 
Acidaspis  and  Pha'ethonides,  They  represent  early  stages  of 
these  genera  when  the  animals  had  no  thoracic  segments,  and 
when  the  separation  between  the  cephalon  and  pygidium  was 
not  distinctly  marked. 

Notwithstanding  the  abundance  of  trilobites  in  the  Paleo- 
zoic rocks,  and  the  care  with  which  they  have  been  studied 
and  collected,  but  few  are  known  in  the  early  adolescent  state, 
and  extremely  few  in  the  still  earlier  larval  stages.  This 
paucity  of  larval  specimens  seems  to  be  due  chiefly  to  the 
sediments,  which,  in  general,  have  not  been  favorable  for  the 
preservation  of  such  organisms.  Heretofore,  the  best  mate- 
rial has  come  from  fine  shales  and  slates  representing  original 
muds.  The  most  complete  developmental  series  known  are 
the  classic  ones  of  Barrande,*  representing  Aeglina^  Agnostus^ 
Arethusina,  Arionellus^  Dalmanites^  HydrocepTialus^  Sao^ 
and  Trinudeus^  of  which  Agnostus^  Dalmanites^  Hydrocephor 
lus  (=  Paradoxides)^  SaOy  and  Trinucleus^  were  observed  in 
their  larval  stages.f 

*Sy8t^me  Silurien  de  la  Boh^me,  i,  1852. 

f  Hydrocephalus  appears  to  be  the  young  of  Paradoxides.  See  Barrande, 
I.  c,  and  compare  Hydrocephalus  carens.  Pi.  49,  H.  satumoides^  PI.  49,  with 
Paradoocides  inflatus,  PI.  13,  figs.  16,  17,  18,  and  i*.  spinosus,  PI.  12,  figs.  6,6,7 
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The  first  American  larval  trilobites  were  discovered  and 
described  by  S.  W.  Ford.*  They  were  specimens  of  Ellipto- 
cephala  (OleneUus)  asaphoides  Emmons,  from  near  Troy,  N.  T., 
and  together  with  the  larvse  of  Sao  hirsuta  were  the  most 
elementary  forms  known. 

Next,  C.  D.  Walcott,  in  1879,t  published  a  fine  series  illus- 
trating the  metamorphoses  of  Triarihrxis  Becki  Green,  from 
the  Utica  Slate.  All  the  stages  were  shown,  from  an  indi- 
vidual with  one  thoracic  segment  to  mature  specimens  having 
thirteen  to  sixteen  segments, 

G.  P.  Matthew,  in  1887  and  1889,:|:  carefully  described  and 
illustrated  embryonic  and  immature  forms  of  Ptychoparia 
Linnarssoni  Brogger,  Liostracus  ouangondianus  Hartt,  and 
Solenopleura  Hobhi  Hartt,  from  the  slates  at  St.  John,  New 
Brunswick.  The  youngest  forms  were  quite  as  primitive  as 
the  Sao  of  Barrande  and  Elliptocephala  of  Ford,  so  that  the 
larvae  of  at  least  five  genera  have  been  described,  representing 
the  same  early  stage. 

The  orders  of  development  recognized  by  Barrande  are : 

i  Head  predominating,  incomplete.  )  Types. 

I.  <  Thorax  nothing  or  rudimentary.    >  Sao  hirsuta. 
(  Pygidium  nothing.  ) 

(  Head  distinct,  incomplete.  )  Trinucleus  ornatus  and 

II.  }  Thorax  nothing.  >     all  Agnostus, 

(  Pygidium  distinct,  incomplete.      ) 

f  Head  complete.  ) 

III.  •<  Thorax  distinct,  incomplete.  >  Arethusina  Konincki, 
{  Pygidium  distinct,  incomplete.     ) 

i  Head  complete.  ) 

IV.  ■<  Thorax  complete.  V  Dalmanites  Hausmanni, 
(  Pygidium  distinct,  incomplete.      ) 

The  third  and  fourth  orders  are  probably  later  stages  of  the 
first  and  second,  and  it  now  seems  that  the  second  order  will 
be  found  to  have  an  earlier  stage  equivalent  in  structure  to  the 

fil*8t. 

The  larvfiB  noticed  in  the  present  paper  are  of  peculiar 
interest  on  account  of  their  belonging  to  highly  ornamented 
and  specialized  genera.  Moreover,  some  deductions  can  now 
be  made  concerning  the  permanence  and  uniformity  of  the 
stages  of  metamorphoses,  as  well  as  the  acceleration  of  specific 
characters  so  that  they  appear  in  the  larval  state. 

*  This  Journal,  vol.  xiii,  p.  265,  1877. 

f  Transactions  of  the  Albany  Institute,  vol.  x. 

J  Illustrations  of  the  Fauna  of  the  St.  John  Group,  No.  IV,  Trans.  Roy.  Soc. 
Canada,  1887.  Sur  le  D^veloppment  des  premiers  Trilobites,  An.  Soc.  Roy. 
Macol.  Belgique,  xxiii,  1889. 

Am.  Joub.  Sol— Third  Series,  Vol.  XLVI,  No.  272.— August,  1893. 
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A  larval  form  of  Acidaspis. 

Two  species  of  the  family  Acidaspidse  are  known  from  tbe 
rocks  of  the  Lower  Helderber^  group  in  New  York,  jlcidaspis 
tuberculatus  Conrad,  and  Dlcraminis  hamxituB  of  the  same 
author.  Both  are  so  different  that  the  larva  figured  on  Plate 
II,  figures  5,  6,  7,  can  be  referred  to  the  first  without  hesita- 
tion, since  it  retains  one  of  the  most  characteristic  features, 
viz  :  the  denticulate  cephalic  border. 

Three  individuals  of  Acidaspis  tuberculatus  have  been  found 
in  the  same  early  stage  of  development.  The  length  of  the 
best  specimen  exclusive  of  the  spines  is  '93°™;  width  -SS""™. 
The  total  length  is  1-3"^^ 

The  general  outline  is  longitudinally  semi-ovate,  regularly 
rounded  in  front,  and  truncate  behind;  greatest  width  across 
the  anterior  third.  Lateral  and  anterior  margins  bearing  about 
thirty-five  alternating  spines  or  dentieulations.  Each  posterior 
lateral  angle  is  produced  into  a  strong  spine,  and  between  them 
on  the  margin  are  four  smaller  ones.  Upper  or  dorsal  surface 
convex,  highest  posterior  to  the  mid-length,  and  abruptly  bent 
down  or  truncate  behind. 

All  but  the  posterior  truncate  portion  is  believed  to  be 
homologous  with  the  cephalon  of  an  adult  form,  so  that  the 
posterior  angles  are  really  the  genal  angles.  The  axis  is  de- 
fined, convex,  narrow,  widest  in  front,  and  apparently  divided 
into  six  annulations  or  lobes.  The  posterior  one  doubtless  rep- 
resents the  axis  of  the  pygidium,  i^nce  it  is  limited  by  a  fur- 
row extending  to  the  bases  of  the  genal  spines.  The  next 
anterior  lobe  would  then  correspond  to  the  occipital  ring,  and 
the  others  to  the  lobes  of  the  glabella.  Two  lunate  promi- 
nences on  each  side  of  the  axis  in  front  are  the  palpebral  lobes 
and  the  eyes. 

On  the  ventral  side,  Plate  II,  figure  6,  the  edge  of  the 
cephalon  is  extended  inwards,  making  a  continuous  doublure. 
The  axial  depression  extends  the  entire  length  of  the  animal, 
and  is  divided  into  lobes  or  annulations  by  transverse  ridges, 
which  represent  muscular  fulcra  and  points  for  the  attachment 
of  appendages. 

A  larval  form,  of  Pha'ethonides. 

The  larva  figured  on  Plate  II,  figures  8,  9,  10,  cannot  at 
present  be  referred  to  a  particular  species.  Only  two  species 
of  Phaethonides  have  yet  been  described  from  the  Lower 
Helderberg,  but  from  additional  material  it  is  now  evident 
that  other  species  occur  in  these  rocks.  Moreover,  if  this 
larva  retains  its  specific  characters  as  strongly  as  Gyphaspii 
tuberculatus^  it  cannot  be  referred  to  either  Phaethomdes 
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cyclurua  Hall,  nor  to  P.  niaarohiua  Billings,  sp.,  as  it  has  a 
strongly  denticulate  posterior  border,  a  character  not  possessed 
by  either  of  the  described  species.  The  generic  reference  can 
be  determined  with  more  certainty,  for  the  combination  of 
features  in  the  cephalic  and  pygidial  regions  cannot  well  exist 
in  any  genus  except  Pha'etJwnides  found  associated  with  this 
larva. 

The  outline  is  broadly  elliptical  transversely,  and  obtusely 
angular  at  the  genal  extremities.  The  cephalic  portion  is  semi- 
elliptical,  and  includes  more  than  half  the  animal.  It  has  a 
narrow,  flattened,  entire  border,  and  is  defined  posteriorly  by 
the  obtuse  points,  which  are  correlated  with  the  genal  angles. 
Palpebral  lobes  prominent,  and,  as  in  the  larva  of  Aoidaspis^ 
situated  nearer  to  the  anterior  margin  than  to  the  frontal  lobe 
of  the  axis. 

The  pygidial  portion  is  depressed  convex,  with  five  pairs  of 
symmetrically  disposed  marginal  denticulations  or  spines,  of 
which  the  median  pair  is  short. 

Axis  narrow,  extending  nearly  the  entire  length  of  the  ani- 
mal, obscurely  annulated  by  six  or  seven  (possibly  eight)  slight 
eonstrictions.  The  anterior  five  seem  to  pertain  to  the  cepha- 
lon  and  the  others  to  the  pygidium.  The  annulations  each 
carry  a  single  pair  of  spines,  with  the  exception  of  one  at  the 
junction  of  the  cephalon  and  pygidium,  which  apparently  has 
out  a  single  spine.  « 

The  pleural  and  lateral  facial  areas  also  bear  double  rows  of 
spines,  the  anterior  pairs  being  between  the  eyes  and  axis. 
The  distinction  between  the  cephalon  and  pygidium  is  very 
obscure,  but  the  apparent  large  size  of  the  latter  in  Phaetho- 
nides  may  indicate  a  moult  later  than  the  first.  The  ventral 
side,  figure  9,  shows  a  narrow  doublure  and  the  axial  cavity. 
Greatest  length,  1-15°*°' ;  greatest  width,  1-34' 


mm 


Observatiojis, 

Many  correlations  have  been  drawn  between  the  Trilobita 
and  other  Arthropoda,  by  Packard,  Dohrn,  Lang,  and  others. 
The  present  state  of  opinion  is  well  expressed  by  Lang,*  who 
concludes  that  the  Trilobites  are  related  to  the  Crustacea.  In 
support  of  this  is  "  the  fact  that  the  trunk  feet  are  biramose 
and  carry  epipodial  appendages."  The  important  discovery 
by  Mr.  W.  S.  Valiant,  of  organs  which  can  be  homologized 
with  antennae,  as  announced  by  Mr.  W.  D.  Mattliew,t  estab- 

♦Text  Book  of  Comparative  Anatomy,  English  edition,  p.  415,  1891. 

f  On  Antennae  and  other  Appendages  of  Triarthrus  Beckii,  by  W.  D.  Matthew, 
read  before  the  N.  Y.  Acad,  of  Sci.,  May,  1893.  The  first  specimen  preserving 
the  antennae  was  discovered  by  Mr.  W.  S.  Valiant  several  years  since.  Recently 
"Mr.  Valiant  and  Mr.  M.  Sid.  Mitchell  have  obtained  other  specimens  showing 
■more  completely  the  nature  of  the  appendages. 
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lishes  the  comparisons  made  by  Lang,  so  that  the  five  cephalic 
limbs  of  Trilobites  would  correspond  "to  the  5  typical  limbs 
of  the  Crustacean  head,  and  the  Trilobites  might  then  be 
regarded  as  original  Entomostraca^  to  be  derived  from  the 
same  racial  form  as  the  Phyllopoda  "  (Lang).  Also,  the  phy- 
logeny  and  relations  of  Eurypterus^  Limidus^  and  the  Trilo- 
bites,  are  with  the  Crustacean  radicle.  The  information  now 
at  hand  admits  of  still  further  conclusions  regarding  the  affini- 
ties of  the  Trilohita, 

The  larvae  of  Acidaspis  and  PhaUhonides^  together  with 
those  of  Sdo^  ElliptocephaZa^  and  Ptychoparia^  indicate  that 
Agnostus  is  neither  the  phylo  typembryo  nor  the  phylo-phyl- 
embryo,  but  is  really  the  adult  equivalent  to  an  early  seg- 
mented stage  of  the  higher  genera.  The  characters  of  the 
youngest  larvae  expressed  in  the  non-differentiation  of  the 
cephalon  and  pygidiura,  the  preponderance  of  the  cephalon, 
carrying  at  this  time  all  the  appendages,  some  of  which  are 
the  antennae,  are  strong  indications  of  the  likeness  of  this  stage 
to  the  Nauplius  or  Meta-nauplius  of  true  Crustacea.  iNo 
ocelli  are  known,  however.  The  early  segmented  stages  must 
have  resembled,  more  or  less,  such  late  larval  Crustacean  forms 
as  the  larva  of  Bopvyus^  one  of  the  Isopoda,  and,  as  suggested 
by  Woodward  and  Edwards,  the  Trilobita  may  be  considered 
as  ancient  or  proto-isopods. 

The  fact  that  most  of  the  smallest  larvae  observed  belong  to 
the  first  order  of  Barrande,  and  that  the  second  and  succeed- 
ing orders  represent,  more  or  less  closely,  stages  of  develop- 
ment of  an  individual  from  the  first,  is  strong  evidence  that 
the  first  order,  or  the  unsegmented  condition,  with  dominant 
cephalon  and  undefined  pygidium,  is  the  primitive  stage.  It 
is  therefore  probable  that,  with  more  complete  material,  the 
young  of  Trimideus^  Agnostus  (=  types  of  2d  order).  Are- 
thusina  Komncki  (=  3d  order),  Dalmanites  Havsmanni^ 
Pro'etus^  etc.  (=  ith  order),  will  be  found  to  have  a  first  larval 
stage  like  Sao^  Ptychoparia^  and  Acidaspis,  thus  bringing  all 
into  perfect  accord. 

Upon  this  basis,  the  following  classification  of  the  stages  of 
development  is  suggested : 

^Cephalon  predominating,  other  parts  not 
N  r  <;  ?  J  separated  from  it.  Examples:  earliest 
jMaup  lub  r  <      known  stage  of  JSao,  Ptychopariay  and 

[     Acidaspis. 

"  Cephalon  distinct. 
Thorax  nothing. 
Pygidium  distinct. 


Phylembryonic  < 


Examples :  2d  stage  of  Sao^  etc.,  and  Bar- 
rande's  larvae  of  Agnostus  and  TrinucUu$, 
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Nepionic 
(As  many  stages  as 
Dormal    thoracic 
segments.) 


^Cepbalon  distinct. 

Thorax  incomplete. 

Pygidium  distinct. 

Examples ;  Agnostics^  Microdiscus^  and 
young  of  all  trilobites  lacking  full  num- 
ber of  thoracic  segments. 

rCephalon  distinct,  complete. 
^       .    J  Thorax  distinct,  complete. 

j  Pygidium  distinct,  complete. 
[Growth  incomplete. 

E  h  b'c  -I  ^^^  pa'*ts  complete,  and  full 
P  J      size  attained. 

It  is  interesting  to  note  that  while  neither  the  larvae  of 
jlcidaspis  nor  Pha'ethonides  possess  the  characteristic  generic 
features  of  sutures  and  glabellar  lobation,  yet  their  specific 
facies  is  quite  pronounced.  The  larval  Acidaspis  does  not 
suggest  Acidaspis  nor  Ceratocephala  in  general ;  as  Cerato- 
<^phala  Verneuili  B^rr,,  Solenopeltis  Buehi  Barr.,  Dicranurus 
hamatus  Con.,  or  Ancyropyge  Romingeri  Hall,  but  has  mani- 
fest likenesses  to  its  own  species,  Acidaspis  tuherculatus^  and 
other  closely  allied  forms,  as  A,  Brighti  Murchison,  A. 
Soernesi  BsLrr.  and  also  several  species  of  Odotitopleura^  which 
in  their  adult  form  resemble  the  species  of  Acidaspis  in  every 
way  except  in  the  absence  of  the  occipital  spine. 

Tale  Museum,  New  Haven,  Conn.,  June  10th,  189H. 


EXPLANATION    OF    PLATE   IL 

Acidaspis  tuherculatus  Con. 

Figure  1. — Cephalon  of  an  adult  specimen,     x  2. 
Figure  2. — Pygidium  of  a  mature  individual,     x  2. 
Figure  3. — Pygidium  of  an  immature  individual,      x  5. 
Figure  4. — Segment  of  thorax ;  showing  spines  and  ornamentation,      x  2. 
Figure  5. — Dorsal  view  of  larva,     x  38. 
Figure  6 — The  same;  ventral  view.     x38. 
Figure  7,— The  same;  profile,  slightly  oblique,      x  38. 
Lower  Helderberg  group,  Albany  Co  ,  N.  Y . 

PhaethonideSj  sp. 

Figure  8. — Dorsal  view  of  larva,     x  38. 
Figure  9, — The  same;  ventral  view,      x  :^8. 
Figure  10. — The  same;  profile,  slightly  oblique,      x  38. 
Lower  Helderberg  group,  Albany  Co.,  N.  Y. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Physics. 

1.  Flame  Spectra  at  High  Temperatures,  Part  I,  Oxy- 
hydrogen  Blowpipe  Spectra^  by  W.  N.  Hartley.  (Abstract,  re- 
ceived from  the  author,  of  a  paper  presented  to  the  Royal  Society, 
May  10,  1893.) — Brewster,  in  1842,  first  examined  the  spectra  of 
salts  with  a  fiame  of  oxygen  and  coal-gas  (Proc.  Roy.  Sec.  Edinb., 
vol.  vi,  p.  145).  Professor  Norman  Lockyer  has  given  us  maps 
of  twenty-two  metallic  spectra  at  the  temperature  of  the  oxygen 
and  coal-gas  fiame.  The  region  observed  lies  between  X  7000 
and  4000. 

Preparatory  to  undertaking  the  study  of  spectroscopic  phenom- 
ena connected  with  the  Bessemer  "  blow  "  and  the  manufacture  of 
steel  generally,  I  have  carefully  observed  the  spectra  of  metals 
and  metallic  oxides  obtained  by  submitting  the  substances  to  the 
oxyhydrogen  flame. 

Method  of  Investigatioji. — The  method  of  obtaining  spectra 
with  flames  at  high  temperatures  is  the  following:  Hydrogen  pro- 
ceeding from  a  large  lead  generator  is  burnt  in  a  blowpipe  with 
compressed  oxygen.  The  blowpipe  measures  3  inches  in  length 
by  f  inch  external  diameter.  The  substances  examined  are  sap- 
ported  in  the  flame  on  small  plates  of  cvanite  about  2  inches  in 
length,  -^  inch  in  thickness,  and  J  inch  in  width.  This  mineral, 
which  is  found  in  masses  in  Co.  iJonegal,  contains  96  per  cent  of 
aluminium  silicate,  and  is  practically  infusible.  The  spectra 
were  all  photographed  with  the  instrument  employed  by  me  on 
former  ocf'.asions  for  photographing  ultra-violet  spectra,  illustra- 
tions of  which  were  published  in  the  Chem.  Soc.  Journ.,  vol.  xli, 
p.  91,  1882.  The  dispersion  of  the  instrument  was  that  of  one 
quai*tz  prism  of  60°. 

Isochromatic  plates  developed  with  hydroquinone  were  largely 
used.  Various  dyes  for  sensitizing  and  all  kinds  of  developing 
substances  were  tried.  The  spectra  were  measured  with  an  ivory 
scale  divided  into  hundredths  of  an  inch,  and  directly  applied  to 
the  photographs,  the  division  20  on  the  scale  being  made  to  coin- 
cide with  the  yellow  sodium  line  which  appears  in  every  photo- 
graph. It  was  found  convenient  to  record  the  measurements  on 
a  gelatino-bromide  paper  print  taken  from  an  enlarged  negative. 
Sometimes,  for  more  careful  and  minute  reference,  it  was  found 
convenient  to  make  an  enlargement  of  the  spectrum  with  the 
scale  in  position,  but  accurate  measurement  cannot  be  made  in 
this  way.  It  is  necessary  to  use  a  low  magnifying  power  and 
cross-wires  in  the  eye-piece. 

For  the  identification  of  lines  already  known  nothing  more 
complicated  is  required,  but  to  measure  new  lines  and  bands 
it  was  considered  desirable  to  make  use  of  a  micrometer  and 
microscope ;  the  screw  of  the  micrometer  was  cut  with  100  threads 
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to  the  inch,  and  the  magnifying  power  generally  used  was  10 
diameters. 

Characters  and  JEkctent  of  the  Spectra  observed, — Just  as  in  the 
ordinary  use  of  the  spectroscope  we  must  be  prepared  to  see  the 
lines  of  sodium,  and  in  hydrocarbon  flames  the  bands  of  carbon, 
so  in  these  spectra  the  sodium  lines  and  the  strongest  lines  be- 
longing to  the  emission  spectrum  of  water  vapor  are  also  always 
present. 

In  addition,  the  cyanite  yields  the  red  line  of  lithium,  which  is 
no  inconvenience,  but  a  positive  advantage,  serving  as  it  does,  to 
indicate  where  the  spectra  commence. 

A  large  majority  of  the  metals  and  their  compounds  all  termi- 
nate somewhere  about  the  strongest  series  of  water  vapor  lines. 
Typical  non-metallic  spectra  are  sulpliur,  selenium,  and  tellurium; 
the  first  yields  a  continuous  spectrum  with  a  series  of  beautiful 
fluted  bands;  the  second  a  series  of  fine  bands,  occurring  at  closer 
intervals;  the  third  is  characterized  by  bands  still  closer 
together  and  near  the  more  refrangible  termination  of  which  four 
lines  occurring  in  Hartley  and  Adeney's  spark  spectrum  of  tellu- 
rium are  visible.  Increase  in  atomic  mass  causes  shorter  periods 
of  recurrence  of  bands.  In  line  spectra  it  is  the  reverse;  increase 
in  atomic  mass  canses  greater  periods  in  the  recurrence  of  lines. 
Charcoal  and  carbon  monoxide  yield  chiefly  continuous  spectra; 
the  latter,  however,  exhibits  some  carbon  lines.  The  hydrocar- 
bons yield  the  well-known  spectrum  of  carbon  bands  with  also 
those  attributed  to  cyanogen.  Of  metallic  elements,  nickel,  chro- 
mium, and  cobalt  yield  purely  line  spectra;  antimony,  bismuth, 
silver,  tin,  lead,  and  gold  beautiful  banded  spectra  (spectra  of 
the  first  order)  accompanied  by  some  few  lines.  The  spectra  are 
finer  than  those  of  selenium  and  tellurium. 

Iron  and  copper  exhibit  lines,  and,  less  prominently,  bands. 
Manganese  has  a  beautiful  series  of  bands  and  a  group  of  three 
very  closely  adjacent  lines.  Aluminium  gives  a  fine  continuous 
spectrum  with  three  lines,  origin  uncertain,  zinc  a  continuous 
spectrum  without  lines,  and  cadmium  a  spectrum  consisting  of 
one  single  line  only,  A.  3260*2. 

Of  compounds,  chromic  trioxide  yields  a  continuous  spectrum 
with  six  lines  belonging  to  the  metal,  copper  oxide  a  fine  band 
spectrum  with  two  lines  of  the  metal,  magnesium  sulphate  gives 
a  spectrum  of  magnesium  oxide  consisting  of  broad  degraded 
bands  composed  of  closely  adjacent  fine  lines  and  one  line  belong- 
ing to  the  metal,  X  2852. 

The  sulphates  of  calcium,  strontium,  and  barium  give  both 
bands  of  the  oxides  and  lines  of  the  elements.  Phosphorus  pent- 
oxide  yields  a  continuous  spectrum  with  one  peculiar  line,  seen 
also  in  the  spectrum  of  arsenic. 

The  chlorides  of  the  alkalies  give  also  lines  of  the  elements  with 
a  more  or  less  continuous  spectrum,  which,  it  is  believed,  is  due  to 
the  metal  in  each  case.  Lithium  chloride  gives  no  continuous 
spectrum. 
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The  Volatility  of  Metals. — One  of  the  most  interesting  facta 
ascertained  by  this  investigation  is  the  volatility  of  aU  the  metals 
examined,  except  platinum,  and  particularly  the  extraordinary 
volatility  of  manganese,  and,  to  some  extent,  of  the  infusible 
metal  iridium.  Metal  believed  to  be  pure  iridium  is  seen  to  have 
diminished  after  the  flame  has  played  upon  it  for  about  two  hours. 

2.  New  Calcium  Lines, — J.  M.  Edeb  and  E.  Valenta  state 
that  they  have  discovered  a  new  group  of  calcium  lines  in  the 
ultra  violet.  These  lines  appear  by  the  use  of  strong  induction 
sparks  and  have  the  following  wave  lengths  {%  denotes  relative 
brightness,  for  the  strongest  calcium  line  i=10,  and  for  the  weak- 
est e  =  1 ) : 


—  2276-0 

3 

A 

—  2140-3 

3 

2259-5 

1 

2133-0 

1 

2208-3 

4 

2131-2 

1 

2200-5 

1 

.  2123-0 

1 

2197-6 

3 

2112-9 

3 

2170-0 

1 

2103-2 

2 

2152-3 

1 

—  Wieii.  Anz.,  1892,  p.  252-253.  j.  T. 

3.  The  Hall  lijffect  in  Iron^  Cobalt  and  Nickel, — Kundt  has 
examined  this  effect  in  thin  layers  of  the  metals  deposited  by  elec- 
trolysis on  platinized  glass,  and  states  that  in  the  three  metals 
examined  the  Hall  effect  is  proportional  to  the  rotation  of  the 
plane  of  polarization  of  light  in  these  metals  in  a  magnetic  field, 
and  since  the  rotation  of  the  plane  of  polarization  in  these  metals  is 
proportional  to  the  magnetizing  force,  therefore  the  Hall  effect  is 
proportional  to  the  magnetizing  force.  He  states  as  a  curious  fact 
that  electrolytically  deposited  bismuth  shows  a  very  weak  Hall 
effect  whereas  cast  bismuth  shows  the  effect  to  a  great  degree. — 
Ann.  der  Physik  und  Chemie,  no.  6,  1893,  pp.  257-271.      J.  T. 

4.  Measurement  of  Electrical  Resistance  by  means  of  alternat- 
ing Currents. — F.  Kohlrausch  in  an  important  paper  discusses 
the  limits  of  the  method  which  owes  its  elaboration  to  him. 
Other  observers  have  criticized  the  method  and  the  author  takes 
up  their  criticism  and  discusses  the  results  which  have  been  ob- 
tained. He  states  that  fluid  resistances  as  high  as  100,000  ohms 
can  be  measured  with  precision  by  his  method.  He  shows  how 
the  introduction  of  condensers  can  in  certain  cases  increase  the 
accuracy  of  the  measurements.  The  want  of  symmetry  of  the 
telephone  which  is  employed  on  the  Wheatstone  Bridge  is  also 
discussed. — Ann.  der  Physik  und  Chemie^  no.  6,  1893,  pp.  226- 
256.  J.  T. 

5.  A  New  Form,  of  Induction  Balance. — The  Hughes  induc- 
tion balance  is  an  instrument  of  great  sensitiveness,  but  it  has  not 
come  into  use  in  the  measurement  of  specific  resistance,  for  abso- 
lute measurements  cannot  be  made  with  accuracy  by  means  of  it. 
It  is  true  that  O  verbeck  and  Bergman  have  reached  a  fair  degree  of 
accuracy  in  the  use  of  the  balance,  but  the  metals  measured  had 
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to  be  in  the  form  of  very  thin  plates.  M.  Wien  shows  how  meas- 
urements can  be  made  without  resorting  to  a  comparison  with  a 
standard  metal — in  other  words,  how  absolute  measurements  can 
be  made.  In  his  method  (1)  one  is  independent  of  faults  of  con- 
tact and  thermal  effects  at  contact.  (2)  The  measurement  is 
made  on  metals  in  their  natural  state  before  they  are  influenced 
by  wire  drawing.  (3)  The  speci6c  resistance  can  be  measured 
without  determining  a  length. — Ann,  der  Physik  und  Chemie^ 
po.  6,  1893,  pp.  306-346.  j.  T. 

6.  Specific  Resistance  of  Mercury, — J.  V.  Jones,  adopting 
Lorenz's  method  of  determining  the  ohm,  has  made  a  comparison 
of  the  ohm  with  the  mercury  unit  and  obtains  the  value. 

1  ohm  =  106*307  mercury  units. 

— Phil.  Irans.  Roy,  JSoc,  London,  1891,  vol.  clxxxii,  pp.  1-43. 

J.  T. 

7.  Photography  of  the  Hertz  Spark, — £mden  has  examined  the 
sparks  produced  by  electrical  resonance  by  means  of  a  revolving 
mirror  and  photography  and  finds  that  they  are  oscillating  sparks. 
— Arch,  d.  Gen.  Ill,  xxvi,  p.  483,  1891.  j.  T. 

8.  Green's  use  of  ^*' potential;  by  George  F.  Becker.  (Com- 
municated.)— In  the  course  of  a  paper*  crediting  D.  Bernoulli 
with  the  introduction  of  the  word  potential  into  physics  and 
arguing  that  Gauss's  noun,  the  potential,  was  suggested  by  Ber- 
noulli's terra,  I  made  the  statement  "  Green  did  not  use  the  name 
potential  but  only  the  adjective."  I  find  that  this  statement 
requires  a  qualification.  In  his  paper  of  1828  on  electricity  and 
magnetism,  the  word  potential  occurs  at  least  125  times,  and  of 
these  it  appears  as  an  adjective  qualifying  function  in  124  cases. 
Once,  however,  in  section  6,  Green  uses  the  phrase  "  the  value  of 
the  potential  for  any  point,"  thus  printed  both  in  the  Crelle 
reprint  and  in  Green's  collected  works.  At  first  sight  this  seems 
a  substantive  use  of  the  word,  but  I  think  this  interpretation 
would  be  erroneous.  Had  he  intended  in  this  passage  to  intro- 
duce a  new  synonym  for  potential  function,  and  to  invent  a  noun 
not  heretofore  employed  in  any  language,  some  explanatory  phrase 
would  almost  certainly  have  indicated  as  much,  and  the  use  of 
the  new  term  would  surely  have  been  repeated.  There  is  no  such 
phrase;  and  I  have  read  the  whole  memoir  twice  through  for  the 
purpose  of  detecting  a  second  case  of  the  substantive  use  of 
potential,  without  success.  Those  who  read  Green's  paper  before 
the  year  1840  can  only  have  supposed  that  the  phrase  in  section 
6  was  intended  to  be  "the  value  of  the  potential /i^^wc^/o?*  for 
any  point";  for  to  such  readers  potential  was  known  only  as  an 
adjective.  It  seems  nearly  certain,  therefore,  that  either  Green 
or  his  printer  omitted  the  word  function  in  this  one  instance  by 
mere  accident.  Had  Gauss  never  introduced  the  noun,  no  one,  it 
seems  to  me,  would  ever  have  asserted  on  the  strength  of  this 
passage  that  Green  used  potential  as  the  name  of  function. 

♦This  Journal,  vol.  xlv,  p.  97,  1893. 
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9.  The  Physical  Review:  A  Journal  of  Experimental  and 
Theoretical  Physics^  conducted  by  Edwabd  L.  Nichols  and 
Ernest  Mebritt.  Vol.  I,  No.  J,  pp.  1-80,  July — August,  1893. 
(Published  for  Cornell  University.  Macmillan  and  Company, 
!New  York  and  London). — This  new  Journal  gives  the  depart- 
ment of  Physical  Science  what  it  has  not  had  before  in  this 
country,  a  special  periodical  devoted  to  itself.  The  objects  of 
the  Physical  Review,  as  given  in  the  prospectus,  are  threefold : 
'*To  afford  a  cliannel  for  the  publication  of  the  results  of 
research ;  to  translate  and  reproduce  in  full,  or  in  part,  important 
foreign  mcmoira  not  easily  accessible  in  the  original  to  American 
readers ;  .  to  discuss  current  topics  of  special  interest  to  the 
student  of  Physics."  It  will  be  issued  bi-monthly.  The  faithful 
carrying  out  of  this  program  and  the  high  standard  of  the 
Review  in  all  parts  is  guaranteed  by  the  able  editorship  of 
Professors  Nichols  and  Merritt.  It  will  doubtless  receive  from 
Physicist  and  the  Scientific  public  in  general  the  generous  wel- 
come which  it  deserves,  and  it  should  exert  a  powerful  influence 
on  the  development  of  physical  science  in  this  country. 

The  opening  number  contains  the  following  articles  :  The 
transmission  spectra  of  certain  substances  in  the  infra-red  by 
Ernest  F.  Nichols ;  relation  between  the  lengths  of  the  yard 
and  the  meter  by  W.  A.  Rogers;  the  infra-red  spectra  of  the 
alkalies  by  Benjamin  W.  Snow  (from  Wiedemann's  Annalen) ; 
the  critical  current  density  for  copper  deposition  and  the  abso- 
lute velocity  of  migration  of  the  copper  ions  by  Samuel  Sheldon 
and  G.  M.  Downing ;  a  geometrical  proof  of  the  three-ammeter 
method  of  measuring  power  by  Frederick  Bedell  and  Albert  C. 
Crehore.  The  number  closes  with  notes  of  scientific  meetings 
and  book  notices.  The  mechanical  execution  of  the  work  is  all 
that  could  be  desired. 

10.  Polarization  Motatoire,  Heflexion  et  Rifraction  vitreuses  ; 
Meflexion  Mkallique. — Le9ons  faites  a  la  Sorbonne  en  1»9 1-1892, 
par  G.  FoussEREAU,  redig6es  ^^ar  J.  Lemoine.  343  pp.  8vo.  Paris, 
1893.  (Georges  Carre,  Editeur).— This  is  au  interesting  and 
instructive  volume  discussing  the  whole  subject  of  rotatory 
polarization.  The  method  is  simple  and  involves  no  excess  of 
mathematical  analysis.  The  four  divisions  under  which  the  sub- 
ject is  treated,  are:  (I)  natural  rotatory  polarization;  (2)  mag- 
netic rotatory  polarization  ;  (3)  vitreous  reflection  and  refraction; 
(4)  metallic  reflection. 

II.    Geology  and  Natubal  History. 

1.  Lehrhuch  der  Petrographie  von  F.  Zibkbl.  Vol.  I.  Leip- 
zig, 1893.  8vo.  845  pp.  (Verlag  von  W.  Engelmann). — Prof. 
Zirkel  was  not  only  one  of  the  earliest  petrographers,  but  was 
particularly  the  first  of  the  European  workers  in  this  line  who 
became  well  known  to  the  American  scientific  public  through  his 
connection  with  the  work  of  the  survey  of  the  40th  Parallel  under 
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Mr.  Clarence  King.  Therefore  this  work  from  his  pen,  in  his 
chosen  field  after  ho  long  a  silence — the  reasons  for  which  he  states 
in  the  preface — will  be  without  doubt  eagerly  welcomed  and  read 
by  American  petrographers  and  geologists. 

The  first  volume,  now  issued,  treats  in  the  main  of  methods  of 
petrographical  research,  the  use  of  the  microscope,  of  polarized 
light,  of  methods  of  separation  and  microchemical  tests.  Then 
follows  the  microscopical  physiography  of  the  more  important 
rock- making  minerals,  which  are  treated  in  detail  only  in  respect 
to  those  points  which  are  of  immediate  petrographical  interest. 
The  list  of  minerals  thus  made  out  has  been  somewhat  arbitrarily 
selected — thus  we  note  that  vesuvianite,  although  common  in  con- 
tact metamorphic  areas,  is  omitted,  while  dumortierite,  for  exam- 
ple, is  given.  No  cuts  of  any  kind  are  introduced,  the  author 
stating  his  reason  in  the  preface  for  omitting  them. 

This  portion  of  the  subject  occupies  about  half  the  volume,  the 
remainder  is  taken  up  with  general  petrography — the  various 
types  of  structures  (comprising  really  texture  as  well)  of  rocks  are 
then  given,  their  general  methods  of  geological  form,  of  alterations 
by  weathering,  by  contact  raetamorphism  and  dynamic  forces,  etc. 
Then  the  igneous  rocks  are  taken  up,  and  treated  from  a  general 
standpoint,  their  chemical  relations,  processes  of  crystallization, 
differentiation  of  magmas,  etc ,  ending  with  their  classification. 
It  would  be  impossible  here  to  review  this  part  of  the  work  as  it 
deserves: — suffice  it  to  say  that  Prof.  Zirkel  divides  the  rocks  for 
purposes  of  classification  according  to  their  mineral  constitution, 
1.  e.,  according  to  the  feldspars  or  the  lack  of  them,  then  accord- 
ing to  structure  which  goes  hand  in  hand  with  their  geologic 
position,  that  is,  plutonic  or  effusive.  For  the  effusive  (or  porphy- 
ritic)  rocks  the  distinction  of  geological  age  is  retained,  the  rocks 
thus  being  divided  into  paleo-  and  neo-volcanic.  Rosenbusch's 
family  of  the  "  dike  rocks  "  is  not  recognized. 

While  it  is  probable  that  many  petrographers  will  not  agree 
with  Prof.  Zirkel  on  various  points  of  theory  and  classiBcation  all 
will  be  thankful  to  him  for  the  patient  industry  and  rare  discrim- 
ination with  which  he  has  brought  together  and  digested  such  a 
vast  amount  of  facts  and  material.  These  volumes  when  com- 
pleted will  form  a  work  which  no  active  investigator  in  this  field 
can  afford  to  do  without.  It  is  to  be  hoped  the  work  will  event- 
ually be  thoroughly  indexed.  l.  v.  p. 

2.  Ueber  das  Norian  oder  Ober- Laurent ian  von  Canada^  by 
F.  D.  Adams. — Of  this  memoir,  in  which  Dr.  Adams  sums  up  the 
results  of  five  years'  work  in  the  field  supplemented  by  further 
study  with  the  microscope  and  in  the  laboratory,  it  may  be  justly 
said  that  it  is  one  of  the  most  important  contributions  to  the 
proper  understanding  of  the  Archaean  in  Canada  that  has  yet 
been  made.  It  is  impossible  to  give  here  even  a  brief  summary 
of  the  results  attained.  He  proves  that  the  so  called  **  anortho- 
eite"  rocks  of  Canada  are  of  igneous  character,  that  they  have 
broken  through  the  Laurentian  and  are  in  general  massive  in  struc- 
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ture.  In  the  neighborhood  of  the  gneisses  the  rocks  exhibit  a 
peculiar  cataclastic  structure  and  are  here  only,  gneissoid.  They 
are  shown  to  have  an  enormous  geographical  extension — in  the 
Saguenay  region  the  anorthosite  extends  over  6,000  square  miles. 
It  is  concluded  that  these  rocks  were  intruded  around  the  shore 
lines  of  the  ancient  Archaean  continent  in  pre-Cambrian  times 
as  modern  volcanoes  fringe  the  great  oceanic  areas. — N,  Jahrh. 
Min,,  B,  J5.,  viii,  pp.  419-498.  l.  v.  p. 

3.  Brief  notices  of  some  recently  described  Minerals, — Sundtite 
is  a  sulph-antimonate  of  silver  and  iron  described  by  W.  C. 
Broqgeb  from  the  silver  mines  of  Oruro,  Bolivia.  It  occurs  in 
complex  orthorhombic  crystals  and  in  massive  forms.  It  shows 
no  distinct  cleavage,  is  very  brittle  and  has  a  conchoidal  fracture. 
Other  characters  are:  hardness  3*4;  specific  gravity  6*50  ;  luster 
metallic ;  color  steel-gray.     An  analysis  by  G.  Thesen  gave 

S  Sb  Ag  Cu  Fe 

35-89        45-03  11-81  1'49  6-58=100-80 

This  leads  to  the  formula  (Ag^,  Fe)S .  Sb^S^.  The  species  is 
named  after  the  mining  director,  L.  Sundt. — Zeitschr,  Kryst.^  xxi, 
193,  1893. 

Marshite  is  native  copper  iodide  described  by  0.  W.  Marsh 
from  Broken  Hill,  New  South  Wales,  and  named  after  the  de- 
scriber  by  Prof.  Liversidge.  It  occurs  in  very  minute  crystals 
implanted  on  a  gossan-like  siliceous  cerussite.  The  crystals  are 
referred  to  the  hemihedral  division  of  the  tetragonal  system. 
They  are  brittle ;  fracture  subconchoidal  ;  luster  resinous ;  color 
reddish  oil-brown ;  streak  orange-yellow  ;  transparent.  The 
qualitative  blowpipe  and  chemical  characters  fix  the  composition 
an  iodide  of  copper,  but  a  fuller  examination  of  this  and  associated 
minerals  is  promised. — Proc,  Boy,  Soe.  iV.  S,  TF!,  xxvi,  326, 
1892. 

BuRMiTE  is  a  new  fossil  resin  from  Upper  Burma,  described  by 
Dr.  Fritz  Noetling  in  the  Records  of  the  Geological  Survey  of 
India,  vol.  xxvi,  Part  1,  1893. 

4.  Zoisite  from  the  Flat  Bock  mine^  Mitchell  Co,,  North 
Carolina  ;  by  W.  E.  Hidden.  (Communicated.) — A  pink,  vitreous 
mineral,  which  1  found  entirely  surrounding  a  large  ovoid  mass  of 
very  pure  monazite,  associated  with  a  black,  glassy  allanite,  has 
proved  to  be  zoisite.  The  rare  association  made  an  analysis  seem 
desirable,  and  this  has  been  obtained  through  the  kindness  of 
Mr.  L.  G.  Eakins  of  the  U.  S.  Geological  Survey.  Mr.  Eakins's 
analysis  gave : 

SiOa  AI2O3  FeaOa  MnO  CaO  HaO 

38-98  31-02  415  0-23  23-80  2-03  =  100-21 

Sp.  gravity  3-352  at  27°  C.  The  water  is  strongly  combined, 
not  beginning  to  go  off*  until  a  red  heat  is  reached. 

5.  Optical  examination  of  Oacoxenite;  by  Lea  McI.  Luquer. 
(Communicated). — The  examination  was  made  with  a  Beck  litho- 
logical  microscope,  upon  specimens  from  the  following  localities: 
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Trenio,  Bohemia ;  ZbirofF,  Bohemia ;  Weilburg,  Baden ;  Zwickau, 
Saxony;  BearviUe,  Lancaster  Co.,  Penn.,  and  Lobenstein,  Russia. 
In  general  the  crystals  were  exceedingly  minute,  and  very  much 
extended  in  the  direction  of  one  axis.  The  largest  crystals 
noticed  were  from  Lobenstein,  but  even  these  did  not  exceed 
0.04""  in  thickness.  They  all  showed  extinction  parallel  and  at 
right  angles  to  the  long  axis,  and  the  larger  crystals  polarized  in 
rather  bright  colors.  The  pleochroism  was  very  slight,  only 
being  observed  in  the  case  of  one  or  two  of  the  largest  crystals, 
when  the  color  was  an  orange-yellow  in  the  direction  of  the  long 
axis  and  a  light  yellow  at  right  angles  to  this  axis.  The  average 
crystals  from  Zbiroff,  were  slightly  larger  than  those  from  the 
other  localities.  In  general  the  crystals  appeared  to  be  termi- 
nated by  cleavage  or  pinacoidal  planes  at  right  angles  to  the  long 
axis,  although  in  some  cases  pencil-pointed  terminations  were 
noticed  and  also  oblique  and  irregular  terminations  and  fractures. 

Two  of  the  largest  crystals  from  Lobenstein,  showing  termina- 
tions, were  examined  with  the  following  results.  In  one  case  the 
terminations  resembled  pyramid  or  dome  faces  with  the  apex 
truncated  by  a  pinacoid.  Angle  between  pyramid  or  dome  faces 
over  the  vertex  ^  74°  20' ;  angle  (supplement)  between  these 
faces  and  the  long  sides  of  the  crystal  ^  37°  10'.  Angle  between 
pinacoid  and  sides  of  crystal  =:  90°.  In  another  case  the  ter- 
minations resembled  pyramid  or  dome  faces  without  any  pina- 
coidal truncating  plane.  Angle  between  these  faces  over  vertex 
=  90°  (approximately).  These  measured  angles  would  give  an 
axial  ratio  of  1 :  f .  Some  of  the  crystals  also  appeared  to  be 
modified  in  the  direction  of  the  long  axis  by  prism  or  dome  faces. 
The  measurement  of  these  angles  was  made  on  the  revolving 
stage  of  the  microscope,  using  the  cross  hairs  in  the  eye-piece  as 
reference  lines,  and  the  measured  crystals  were  saved  by  cement- 
ing them  to  a  glass  slide  with  a  very  dilute  solution  of  gum 
damar  and  benzole.  Strengite,  in  very  pretty  pink  botryoidal 
forms  with  drusy  surface,  was  noticed  occurring  with  the  cacox- 
enite  on  limonite  from  Noble's  mine,  Bearville,  Lancaster  Co., 
Penn. 

Mineralog^cal  Laboratory,  Columbia  College. 

6.  2 lie  Great  Barrier  Reef  of  Aicstralia :  Us  Products  and 
Potentialities ;  by  W.  Saville  Kent.  With  a  chart,  48  photo- 
mezzotype  plates,  16  chromo  plates  and  many  woodcuts.  380 
pp.  4to.  London,  1893  (W.  H.  Allen  &  Co.\ — This  beautiful  and 
interesting  volume  presents  the  first  results  of  the  work  accom- 
plished by  Mr,  Saville  Kent  in  his  study  of  the  Great  Barrier 
Reef  of  Australia  ;  a  work  which  was  made  possible  through  the 
enlightened  liberality  of  the  Queensland  Government.  The  more 
minute  and  technically  scientific  descriptions  of  the  different 
forms  of  animal  life,  which  the  author  has  studied,  are  promised 
in  a  later  publication.  The  work  now  completed  presents,  in  a 
manner  equally  satisfactory  to  the  scientific  and  to  the  general 
reader,  a  vivid  picture  of  the  marvellously  varied  and  beautiful 
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life  of  a  coral  reef.  It  also  gives  an  account  of  the  economic 
importance  of  much  of  this  life,  and  discusses  in  detail  the  obser- 
vations which  throw  light  upon  the  geological  origin  of  coral 
reefs  in  general. 

The  region  studied  affords  an  unparalleld  field  for  such  an 
investigation.  The  Great  Barrier  Reef  of  Australia  extends  for 
a  distance  of  1250  miles  along  the  coast  of  Queensland  from 
Torres  Straits  to  Lady  Elliot  Island,  or  from  9^°  to  24°  South 
Latitude.  The  outer  edge  of  the  reef  is  in  some  cases  only  10 
miles  from  the  mainland  while  in  others  it  is  150  miles  and 
varying  between  these  limits.  A  reef  of  such  extent  presents 
unique  opportunities  for  the  study  of  all  the  zoological  and  geo- 
logical problems  involved. 

The  attention  of  the  reader  is  claimed  first  by  the  admirable 
portrayal  and  description  of  the  beautiful  life  of  the  coral  reef 
itself.  Never  before  have  those,  who  have  known  little  of  corals 
but  the  specimens  mounted  on  the  shelves  of  a  museum,  had  such 
an  opportunity  to  become  acquainted  with  the  living  corals 
and  the  varied  features  of  the  growing  reef.  The  author,  skillful 
with  his  camera  as  with  his  pen,  was  able  to  secure  many  photo- 
graphs not  only  of  the  scenes  over  the  reefs  in  all  their  diversity 
of  coral  growths  and  groupings,  but  also  of  the  expanded  corals 
in  their  natural  positions  in  the  shallow  waters.  We  cannot 
praise  too  highly  the  wonderful  perfection  with  which  the 
photographs  are  reproduced.  To  the  senior  editor  they  bnng 
back  vividly  the  delightful  opportunities  afforded  him  over  fifty 
years  ago,  when  in  the  U.  S.  Exploring  Expedition  under  Commo- 
dore Wilkes,  he  studied  corals  and  coral  reefs  in  the  Paumotus, 
Tahitian,  Samoan  and  Fiji  Islands.  Other  plates,  not  equal  in 
execution  to  those  just  mentioned,  give  colored  representations 
of  the  coral  polyps,  sea-anemones,  etc.  It  would  be  difficult 
indeed  to  give  any  adequate  idea  of  the  variety  of  color  displayed 
in  the  many  kinds  of  animal  life  present  in  these  coral  gardens. 
The  author's  observations  have  resulted  in  adding  many  new 
genera  and  species  to  those  previously  recorded. 

The  formation  of  the  Great  Barrier  Reef  as  a  whole  the  author 
refers  to  a  gradual  subsidence,  in  accordance  with  the  theory  of 
Darwin. 

In  the  chapter  on  the  economical  value  of  the  living  produc- 
tions, it  is  stated  that  the  reef-regions  afford  annually  raw 
material  for  export  to  the  value  of  £  100,000.  The  pearl  and  pearl- 
shell  fisheries  are  of  prime  importance,  and  so  largely  have  the 
shells  been  gathered  that  an  Act  of  Parliament  has  become  neces- 
sary to  prohibit  their  being  taken  in  an  immature  state,  that  is, 
with  a  less  diameter  than  six  inches  across  the  pearl  lining.  The 
author  has  succeeded  in  transplanting  the  young  shells  to  quiet  and 
shady  waters  where  their  growth  was  protected,  and  the  artifi- 
cial propagation  thus  shown  to  be  possible  may  have  important 
results.  Another  industry  is  that  of  collecting  and  cunng  the 
B^che-de-mer,  or  sea-cucumber,  used  by  the  Chinese  as  an  article 
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of  food.  It  yields  an  average  yearly  revenue  of  £23,000.  Another 
less  valuable  industry  is  that  of  che  oyster  which  yields  about 
J68000  annually.  The  food  fishes  also  include  a  large  number  of 
recognized  value,  and  others  not  yet  utilized.  The  number  of 
species  of  Queensland  fish  is  stated  to  be  nearly  900. 

It  is  not  possible  to  give  an  adequate  impression  of  the  wide 
general  and  scientific  interest  of  Mr.  Saville  Kent's  beautiful  work. 
The  geological  student  would  derive  from  its  illustrations  an 
idea  of  the  luxuriant  growth  of  limestone-making  seas  that  would 
be  like  a  revelation  to  him ;  and  to  many  the  views  would  appear 
tbe  more  marvelous  that  all  this  growth  is  going  on  in  shallow 
waters. 

7.  Amount  of  water  in  the  soil  after  a  period  of  severe 
drought, — ]\i.  Reiset  (Comptes  rendus,  May  '23,  1893)  communi- 
cates some  interesting  facts  relative  to  the  effect  of  certain  forms 
of  vegetation  upon  very  dry  soil.  The  data  are  derived  from 
observations  made  during  the  year  1887  when  the  rainfall  was 
6*87  meters  instead  of  over  9*;  the  average.  In  June  there  fell 
only  '028  instead  of  '073,  and  in  July  barely  -033  against  the 
usual  amount  of  0*72.  From  the  4th  of  June  to  the  23d  of  July 
no  rain  fell.  On  the  2d  of  August,  after  a  second  period  of 
drought,  five  samples  of  earth  were  taken  from  a  depth  of  'lo  to 
•25  below  the  surface,  each  containing  from  8  to  10  kg.  of  soil, 
and  each  was  quickly  powdered,  sifted  to  take  out  the  pebbles, 
and  placed  in  a  glass-stoppered  bottle.  Two  samples  of  10  grams 
€acb  were  subjected  to  a  temperature  of  110°  to  120°  G.  with  the 
following  results. 

Perceotage  of  water. 

1.  Under  clover 4*84 

2.  "  wheat,  about  ripe 3*78 

3  "  scorched  herbage 4*70 

4.  "  wheat  in  full  growth 5*04 

6.  "  scorched  lawn 7*84 

6.  "  wheat  nearly  ripe 3*81 

Another  observation  eleven  days  later  was  made  on  the  lawn- 
soil,  no  rain  having  fallen  in  the  mean  time.  •  There  was  found 
a  percentage  of  6-80. 

A  second  series  of  experiments  was  tried  on  soil,  on  the  9th  of 
August,  a  good  crop  of  wheat  having  been  removed  from  it  on 
the  day  before. 

Percentage  of  water. 

Surface,  at  the  roots  of  the  wheat 1  -22 

At  a  depth  of  0*20  slightly  gravelly  . ..       4*95 

«  «        Q.4Q  U  «  g.^^ 

"  "     0-60  red  clay 14*12 

"  "     0-80        "         21-81 

"  "     100  sub-soil  red  clay 26-)8 

Still  another  observation,  on  soil  from  which  vetch  and  oats 
cultivated  for  fodder  had  been  removed  ten  days  before. 
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Percentage  of  water. 

At  surface 1*30 

"     0.20 6-03 

"     0-40 J, 7-87 

'*     0-60 11.42 

"     0-80 12-45 

"     1-00  subsoil 14-24 

These  tables  are  interpreted  by  M.  Reiset  as  showing  that 
while  lawn-grass  is  wholly  scorched  in  soil  having  6-80  to  784 
per  cent  of  water,  wheat  can  grow  and  ripen  when  there  is 
only  1-22.  The  very  vulnerable  point  in  this  conclusion  is  par- 
tially recognized  by  M.  Reiset,  who  admits  that  at  the  time  when 
his  observations  were  made,  the  wheat  was  approaching  or  had 
reached  maturity.  Our  readers  can  see  that  at  that  moment  the 
wheat  plant  could  get  on  fairly  well  with  far  less  water  than 
could  the  lawn-grass  in  the  park.  g.  l.  g. 

8.  Nitrification, — M.  Deherain  (Coraptes  rendu?,  May  15, 
1893)  has  recently  reviewed  this  important  subject,  endeavoring 
to  gain  some  hints  as  to  the  possibility  of  increasing  the  nitrifica- 
tive  activity  of  the  soil  in  the  spring.  He  was  surprised  at  the 
prodigious  amount  of  available  nitrogen  in  soil  received  by  him 
from  diverse  sources,  and  where  there  had  probably  been  no 
addition  of  sodium  nitrate  as  a  manure.  He  at  once  began 
experiments  on  the  effects  of  violent  agitation  on  different  soil, 
acting  on  a  suggestion  of  Schloesing  that  trituration  and  shaking 
by  distributing  the  "  ferments  "  might  increase  the  energy.  The 
soils  on  which  he  experimented  were  placed  under  different  con- 
ditions :  one  sample  of  each  being  kept  perfectly  at  rest;  a  second, 
exactly  like  the  first,  was  from  time  to  time  for  about  six  weeks 
stirred  up  very  thoroughly  and  like  the  other  exposed  to  the 
open  air. 

Sample  1.  Sample  2.  Sample  3. 

Kept  still.    Shaken.        Kept  still.    Shaken.        Kept  still.     Shaken. 

(1)  2  44  2  51  2  71 

(2)  3  39  2  46  2  67 

These  figures  are  of  milligrams  of  available  nitrogen  in  100 
grams  of  soil. 

Further  interesting  observations  show  that  the  ferments  are 
not  equally  active  at  all  times  even  in  the  same  season,  and  fur- 
ther that  the  artificial  increase  in  nitrificative  activity  at  the 
beginning  of  winter  when  the  useful  products  may  be  so  easily 
lost  is  absolutely  prejudicial. 

Better  appliances  than  those  in  use  would  appear  to  be  de- 
manded by  the  highest  type  of  effective  agriculture,  and  to  this 
should  be  added  also  the  selection  of  the  most  favorable  time  for 
stimulating  such  activity,  namely  just  when  the  young  plants  are 
ready  to  utilize  the  products.  G.  l.  g. 

9.  The  action   of   the   Pyocyanic  bacillus  on  plants.  —  M. 
Charrin  (Comptes  rendus,  May  8,  1893)  presents  an  account  of 
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his  attempt  to  inoculate  a  thick  leaved  Crassulacea  (Pachyphy- 
ton  bracteosum)  with  one  of  the  microbes  which  cause  suppura- 
tion in  animals.  The  effects  depended  largely  on  the  amount  of 
infecting  material  used;  the  characteristic  tints  did  not  appear 
where  only  a  drop  or  two  of  the  matter  was  employed ;  where 
more  was  taken  the  destruction  of  tissue  was  marked  and  the 
characteristic  color  was  pronounced.  There  was  a  great  accumu- 
lation of  germs  in  the  tissues,  especially  the  intercellular  spaces 
n«ar  the  point  of  insertion,  but  the  cells  contained  comparatively 
few.  There  were  noticeable  chemical  changes  in  the  tissues 
under  observation,  especially  a  diminution  in  the  acidity  of  the 
foliar  tissue,  amounting  sometimes  to  the  ratio  225: 120. 

By  this  new  and  interesting  chapter  of  comparative  pathology 
it  appears  that  in  the  vegetable  fts  in  the  animal  kingdom  the 
activity  of  microbes  (taken  from  the  animal)  depends  on  quantity 
as  well  as  quality,  and  that  these  organisms  utilize  their  secre- 
tions. They  have  the  power  of  altering  tissues,  modifying  their 
surroundings  and  changing  the  reaction  of  the  liquids  in  which 
they  act.  In  the  two  kingdoms  there  are  many  means  of  defence. 
In  the  vegetable  world  the  principal  one  is  the  resistance  offered 
by  the  cell  wall  to  intracellular  penetration,  but  in  the  plant 
there  is  no  phagocytic  defence.  On  the  other  hand  the  toxines 
are  not  effective  to  any  great  extent  in  the  case  of  the  plant,  in 
fact  this  amounts  almost  to  complete  immunity.  g.  l.  g. 

III.   Miscellaneous  Scientific  Intelligence. 

1.  77ie  John  Strong  Newberry  Fund. — The  second  joint 
meeting  of  the  various  scientific  societies  of  New  York  City — 
the  Scientific  Alliance  of  New  York — was  held  on  March  27,  1893 
and  "  had  for  its  object  the  honoring  of  the  name  and  fame  of 
the  late  Prof.  J.  S.  ISTewberry."  The  printed  Proceedings  of  this 
meeting  give  the  address  of  Prof.  Fairchild,  further  a  number  of 
commemorative  letters,  a  list  of  Prof.  Newberry's  scientific  writ- 
ings edited  by  Prof.  Kemp,  and  finally  the  report  of  the  Commit- 
tee on  the  establishment  of  the  John  Strong  Newberry  Fund  for 
Originial  Scientific  Research. 

The  plan,  as  accepted  by  the  Council  of  the  Scientific  Alliance, 
contemplates  the  establishment  of  a  fund  of  not  less  than  $25,000, 
the  income  of  which  shall  be  devoted  to  the  encouragement  of 
scientific  work  in  the  departments  with  which  Prof.  Newberry 
Was  identified,  viz:  Geology,  Paleontology,  Zoology  and  Botany. 
Subscriptions  large  or  small,  are  solicited  and  may  be  paid  to  the 
Secretary  of  the  Committee,  Prof.  N.  L.  Britlon. 

2.  Cordoba  Durchmusterung,  Brightness  and  position  of 
every  fixed  star  down  to  the  tenth  magnitude  comprised  in  the 
belt  of  the  heavens  betioeen  22  and  32  degrees  of  south  declination, 
John  M.  Thome,  Director.  Buenos  Aires,  1892. — This  volume 
is  the  16th  of  the  Cordoba  observations,  and  is  the  first  part  of  a 
Durchmusterung  Catalogue.     It  contains  170,800  stars,  and  is  a 
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continuation  southward  of  Argelander's  and  Schdnfeld's  work. 
It  is  to  be  followed  by  a  second  volume  during  this  year,  and  an 
atlas  of  twelve  plates.  The  two  volumes  and  the  atlas  will  cover 
the  belt  from  22°  to  42°  south  declination,  and  will  represent 
the  result  of  1,108,600  observations  made  by  Mr.  Thome  and  Mr. 
Tucker.     The  star-places  are  for  the  epoch  1876.0. 

3.  Smithsonian  Meteorological  Tables  (based  on  Guyot's 
Meteorological  and  Physical  Tables).  262  pp.  8vo.  Washing- 
ton, 1893. — ^Smithsonian  Miscellaneous  Contributions,  vol.  xxxv, 
No.  884.)  The  fourth  edition  of  Guyot's  invaluable  Tables  was 
published  in  1884  not  long  after  the  death  of  the  lamented  author; 
the  completion  of  the  work  being  performed  by  his  assistant, 
Prof.  Wra.  Libbey.  The  present  volume  is  one  of  three  which,  as 
stated  by  Professor  Langley,  are  to  supply  the  place  of  a  fifth 
edition  of  these  tables ;  the  three  parts  into  which  the  subject  is 
to  be  divided  being  Meteorological^  Geographical  and  Physical, 
Tables  based  upon  the  value  of  the  meter  provisionally  assumed 
by  the  U.  S.  Coast  and  Geodetic  Survey,  (viz  :  1  meter  =  SO'SYOO 
inches,  have  been  made  by  Mr.  George  E.  Curtis.  He  has  also 
prepared  the  entire  manuscript  and  carried  the  work  through  the 
press,  and  to  him  therefore  the  many  who  will  use  it  are  deeply 
indebted.  There  are  one  hundred  tables  included,  thermometrical, 
barometrical,  hygrometrical,  etc.,  and  these  are  preceded  by 
about  fifty  pages  of  text  descriptive  of  their  use. 

4.  Forest  Influences,  197  pp.  8vo.  Washington,  1893.  (Bulle- 
tin, No.  7,  U.  S.  Department  of  Agriculture,  Forestry  Division).— 
This  is  a  timely  presentation  and  discussion  by  B.  E.  Fernow  and 
M.  W.  Harrington  of  the  meteorological  observations  on  record 
which  bear  upon  the  important  influence  of  forest  upon  rainfall 
and  climatic  conditions  in  general.  Appendices  are  added  on  the 
determination  of  the  true  amount  of  precipitation  and  its  bearing 
on  theories  of  forest  influences  by  C.  Abbe ;  also  on  the  analysis 
of  rainfall  with  relation  to  surface  conditions  by  G.  E.  Curtis. 

5.  OstwalcTs  Klassiker  der  exakten  Wissenschaften  Leipzig^ 
1893.     (Wilhelm   Engelmann.) — The  following  are  the  titles  of 

the  volumes  recently  added  to  this  valuable  series : 
No.  41.     D.  Joseph  Gottlieb  Kolreuter's  vorlaufige  Nachricht  von  einigeii  das 

Geschlecht  der    Pflanzen  betreflfenden  versuchen    und    Beobachtungeo    nebst 

Forsetzungen  1,  2  und  3  (Ueiynee).  266  pp. 

Xo.  42.    Das  Yolumgesetz  gasformiger  Yerbindungen.    Abhandlungen  von  Alex. 

V.  Humboldt  und  J.  F.  Gay-Lussac  (1805-1808).  42pp. 

6.  Celestial  Mechanics, — The  editors  are  informed  that  Dr.  G. 
W.  Hill  will  deliver  a  course  of  lectures  on  Celestial  Mechanics 
at  Columbia  College,  New  York  City,  beginning  about  Oct  14th. 
One  lecture  will  be  given  each  week  tor  thirty  weeks.  The 
course  is  free  to  all  who  desire  to  attend.  Further  information 
can  be  had  on  application  to  the  department  of  Astronomy, 
Columbia  College. 

7.  BlaisdeWs  Physiologies, — It  is  announced  by  Messrs.  Ginn 
&  Company,  Boston,  that  they  have  purchased  from  Lee  & 
Shepard  Blaisdell's  Series  of  Physiologies. 
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Art,  XXIII.— Fireball  of  January  13th,  1893,    By  H.    A. 

Newton.    (With  Plate  III). 

1,  On  the  evening  of  January  13th,  1893,  Mr.  John  E. 
Lewis  of  Ansonia,  Conji,,  was  engaged  in  photographing  the 
region  of  the  heavens  containing  the  place  of  Holmes's  comet 
in  hopes  of  securing  a  pictuie  of  the  comet.  The  camera 
was  strapped  to  the  tube  of  his  telescope,  and  inasmuch  as  his 
telescope  was  without  a  clock  movement  he  kept  the  stars  in 
place  by  giving  bv  hand  the  proper  right  ascension  motion  to 
the  telescope.  The  plate  was  exposed  for  thirty-three  minutes, 
beginning  at  7^  19°*  p.  m.  Mr.  Lewis's  eye  was  constantly  at 
the  eyepiece  of  the  telescope,  so  that  he  was  unaware  of  the 
passage  of  a  bright  meteor  across  the  field  of  the  camera  until 
he  developed  the  plate.  The  next  morning  he  learned  that 
the  meteor,  whose  flight  was  thus  accidentally  photographed, 
had  been  seen  to  cross  the  sky  about  7^  30™  on  the  evening  of  the 
13th.  He  announced  in  the  newspapers  that  he  had  secured 
such  a  photograph  and  requested  observations  from  those  who 
had  been  so  fortunate  as  to  see  its  flight.  Many  responses 
came  to  Mr.  Lewis  and  to  me  from  various  points  in  southern 
New  England  and  southeastern  New  York.  Mr.  Lewis  has 
kindly  placed  the  photographic  plate  and  all  the  letters  received 
by  him  in  my  hands  for  examination  and  discussion. 

2.  The  plate  is  4  by  5  inches  in  size,  and  the  meteor  went 
nearly  centrally  across  it.  The  photographed  portion  of  the 
track  was  nearly  19°  long.  Near  the  center  of  the  plate  stars 
of  the  10th  magnitude  are  shown,  while  near  the  margin  those 
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somewhat  fainter  than  the  eighth  magnitude  are  ia  general 
visible.  The  disks  in  the  latter  case  are  much  enlarged  and 
are  not  entirely  symmetrical.  An  enlarged  reprodaction  of 
the  track  in  several  portions  is  given  in  I^ate  III. 

3.  Since  we  have  thus  a  photographic  picture  of  the  meteor's 
path  it  seems  worth  while  to  put  on  record  quite  in  detail  the 
statements  of  the  several  observers  from  whom  we  have  been 
able  to  secure  reports.  It  should  be  borne  in  mind  that 
such  observations  in  the  nature  of  the  case  have  always  to  be 
made  suddenly,  and  usually  by  persons  not  accustomed  to 
exact  observing.  As  a  result  the  statements  are  always  sub- 
ject to  large  probable  error,  and  quite  large  corrections  have  to 
be  usually  given  to  some  or  even  to  all  of  the  observations 
if  we  would  make  them  consistent  with  each  other.  The 
character  of  the  observations  is  often  shown  in  the  language 
used  in  describing  them.  Hence  original  statements  may  prop- 
erly be  quite  fully  recorded. 

4.  The  meteor*  8  path  as  seen  from  Boston,  Mass, — Miss  Clara 
Binswanger  of  the  Boston  rublic  Library  was  walking  on 
Columbus  avenue  (Lat.  42°  20^5,  Long.  71°  4^9)  and  saw  the 
meteor  in  the  western  heavens  falling  northward,  rather  ob- 
liquely. The  color  was  a  bright  green,  and  it  resembled  an 
incandescent  electric  light  in  a  green  glass  bulb.  Mr.  E.  W. 
Abell,  at  my  request,  called  upon  Miss  Binswanger  and  ob- 
tained more  definite  statements.  He  placed  against  the  win- 
dow a  paper,  and  laying  a  ruler  against  it,  asked  Miss  Bins- 
wanger to  adjust  the  ruler  to  the  slope  of  the  meteor  track  as 
seen  against  the  sky.  Three  trials  were  made,  and  the  results 
sent  to  me  gave  inclinations  of  37°,  35°  and  27°  respectively 
with  the  vertical.  The  meteor  disappeared  to  her  by  passing 
behind  the  edge  of  a  building.  Miss  B.  indicated  the  height 
at  disappearing  as  about  f  of  the  height  of  the  vertical  edge 
of  the  building  and  described  the  place  on  the  west  side  of 
Columbus  avenue  from  which  she  saw  it.  Mr.  Abell  was  able 
to  determine  very  nearly  the  place  where  Miss  Binswanger 
stood,  and  the  building  behind  which  the  meteor  disappeared. 
Her  description  indicates  an  altitude  of  about  7°  wnen  the 
meteor  passed  out  of  sight  behind  the  building.  The  edge  of 
the  building  was  about  100  yards  distant  from  her.  Mr. 
Abell's  tracing  from  a  city  map  combined  with  the  known 
directions  of  the  streets  implies  that  the  direction  was  S.  67°  W. 

5.  As  seen  from  Roslindale^  Mass.  (Lat.  42°  17^  Long.  71^ 
9'). — Mr.  Frederick  L.  Wolkins  of  Koslindale  was  sitting  by 
his  table  in  his  dining  room  and  saw  the  meteor  cross  the 
southwesterly  sky,  going  downward  and  northward.  Mr. 
Abell  on  the  27th  of  January  saw  Mr.  Wolkins  and  obtained 
estimates  of  the  inclination  of  the  path  as  he  remembered  iti 
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From  three  independent  trials  he  obtained  lines  inclined  68**, 
63®  and  68°  with  the  vertical.  The  meteor  disappeared  behind 
a  ridge  of  land  about  400  feet  from  the  house,  "  at  an  alti- 
tude of  perhaps  from  5  to  7  degrees."  At  first  Mr.  Wolkins 
thought  the  meteor  fell  near  him  in  a  swamp  beyond  the 
ridge.  It  had  a  distinctly  bluish  color,  and  moved  rather 
slowly.  He  compared  the  size  to  that  of  a  croquet  ball,  and 
did  not  notice  a  train. 

6.  As  seen  from  Hingham^  Mass,  (Lat.  42°  10',  Long.  70° 
50'). — Mr.  Julian  L.  Noyes  says  that  the  apparent  path  was 
about  along  a  line  drawn  from  the  Pleiades  throu^  where 
Jupiter  was  on  that  day.  The  time  was  7^  80"".  "From  its 
start  it  gradually  increased  in  brightness,  and  then  went  sud- 
denly out.  Its  brightest  point  was  about  25°  above  the  hori- 
zon. I  turned  my  head  just  in  time  to  miss  the  brightest 
point,  and  did  not  see  it  break,  although  it  might  have  done 
so.  Then  I  saw  the  remnant  continue  its  course  with  a  very 
faint,  dull,  red  light  to  within  5°  of  the  horizon  and  then  go 
entirely  out.  When  it  disappeared  it  was  about  5°  south  of 
the  west  point  of  my  horizon.  It  took  a  straight  course, 
except  that  perhaps  at  the  very  last  it  curved  a  little  down- 
ward. It  could  not  have  made  its  appearance  much  above 
where  Jupiter  was  at  that  time.  From  shadows  on  windows 
and  other  appearances  I  should  say  that  the  portions  of  the 
coarse  before  the  brightest  point  and  after  it  were  equal." 
Jupiter  was  at  the  time  about  due  S.W.  at  an  altitude  of  42°  ; 
the  Pleiades  were  just  east  of  the  Meridian  and  about  18° 
from  the  zenith. 

Mr.  G.  E.  Kimball  and  his  son  also  saw  the  meteor  from 
Hingham  "  very  near  7^  30"  o'clock  about  ^  of  the  way  up 
the  zenith  at  about  due  west."  It  appeared  at  first  like  a 
bright  fixed  star  and  suddenly  seemed  to  drop  from  its  place, 
moving  toward  the  north  witn  a  brightening  glow. 

7.  As  seen  from  Concord^  Mass.  (Lat.  42°  29',  Long.  71° 
22'). — Mr.  Fred.  A.  Tower  of  the  Massachusetts  State  Weather 
Service  saw  the  meteor  and  gives  the  time  as  7*"  40°*,  p.  m.  It 
was  blue  in  color,  and  its  brilliancy  exceeded  that  of  a  first 
magnitude  star.  He  gave  the  altitude  as  70°  at  appearance, 
and  25°  at  disappearance.  I  requested  Mr.  Tower  to  look  at 
the  heavens  at  the  proper  hour  and  compare  the  path  as  he 
recollected  it,  with  the  constellations.  He  replied  after  such 
comparison,  "  I  should  say  that  it  began  in  the  constellation 
Taurus,  and  ended  in  the  constellation  Aquarius." 

8.  As  seen  from  Leominster^  Mass.  (Lat.  42°  31',  Long.  71° 
44').— Mr.  N.  Harwood  saw  it  at  7**  30"*.  When  first  seen  it 
was  40  to  45  degrees  high  in  the  S.W.  It  descended  in  a 
curve  towards  the  north  or  northwest  and  disappeared*  from 
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view  at  an  altitude  of  20°  to  25°.  "  When  first  seen  it  was 
small  and  dim, — when  it  disappeared  it  was  brilliant,  and 
apparently  4  to  5  inches  in  diameter.  I  did  not  notice  it  burst 
in  pieces.  It  seemed  to  disappear  almost  instantly,  leaving  a 
small  trail  at  the  last."  In  his  first  letter  to  me  Mr.  Harwood 
gave  the  altitude  when  first  seen  as  25  to  36  degrees. 

9.  As  seen  from  West  Medford^  Mass.  (Lat.  42°  25',  Long. 
71°  8'). — Mr.  Geo.  B.  Frazar  saw  the  meteor  fall  for  a  consid- 
erable distance,  almost  vertically,  and  go  behind  a  barn  160 
feet  distant  from  him.  It  was  very  bright  and  intensely 
clearly  defined.  The  direction  was  determined  by  a  pocket 
compass  to  be  between  West  and  W.S.W.;  perhaps  nearer 
W.S.W  than  West. 

10.  As  seen  from  Berlin,  Conn.  (Lat.  41°  38',  Long.  72°  460. 
— Mr.  J.  E.  fieale,  editor  of  the  Berlin  Weekly  News,  as  he 
was  going  out  of  his  office  had  his  attention  suddenly  aroused 
by  the  brilliant  light.  Judging  by  the  time  that  elapsed 
before  he  got  sight  of  the  meteor  he  thinks  it  started  north- 
east of  the  zenith,  and  the  distance  from  its  starting  point  to 
where  it  exploded  must  have  been  fully  90°.  The  course  was 
about  two  points  south  of  west  and  the  time  about  7^  35°*.  It 
burst  without  any  noise,  throwing  out  five  or  six  globes  of  col- 
ored light  similar  to  a  sky  rocket.  The  flight  was  apparently 
very  slow. 

11.  As  seen  from  Branford,  Conn.  (Lat.  41°  17^  Long.  72° 
49'). — According  to  a  notice  in  the  newspapers  Mr.  Gr.  W. 
Calkins  about  7^  30°*  saw  the  meteor  cross  the  sky  from  S.E. 
to  N.W.  Just  over  the  town  it  exploded  and  broke  into 
three  pieces  which  probably  fell  into  the  Sound.  No  deton- 
ation was  heard. 

12.  As  seen  from  New  Haven  (Lat.  41°  18',  Long.  72''  55'). 
—Mr.  S.  W.  Glenney  saw  it  in  the  N.W.  at  7^  30"°  by  his 
watch.  It  had  a  beautiful  blue  color,  and  left  a  long  trail  of 
red  which  resembled  sparks.  He  saw  it  explode  but  heard  no 
report.  The  path  had  a  slight  curve  with  a  direct  downward 
course.  When  it  exploded  it  seemed  to  him  to  be  very  near 
the  earth. 

13.  As  seen  from  Stratford,  Conn.  (Lat.  41°  12',  Long.  73° 
8'). — Miss  Alice  E.  Curtis  says  it  was  of  a  bright  blue  color 
and  was  going  toward  the  N.W.,  too  far  to  the  west  she 
thought  for  fragments  to  have  fallen  in  Connecticut. 

14.  As  seen  from  Newtown,  Conn.  (Lat.  41°  26',  Long.  73° 
18'). — Mr.  John  J.  Northrop  was  with  a  friend  driving,  and 
they  saw  the  body  just  before  it  broke.  It  descended  in  a 
northwesterly  direction,  more  westerly  than  north,  that  is,  in 
the  direction  of  Poughkeepsie,  or  the  Catskill  Mountains. 
They  thought  that  it  fell  beyond  the  borders  of  Connecticut. 
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15.  As  seen  from  near  Stevenson^  Conn.  (Lat.  41°  22',  Long. 
73°  13'). — Mr.  G.  W.  Bradley  was  driving  between  Botsford 
and  Zoar  with  a  friend.  They  saw  a  flash,  looked  up  and 
saw  the  meteor  explode,  and  heard  the  noise.  "In  coming 
over  the  hills  of  Zoar  it  must  have  nearly  touched  the  trees 
here."  The  time  was  7^  30"  and  they  were  certain  that  when 
it  exploded  it  was  not  over  J  mile  from  them  because  they 
heard  the  report  in  a  few  seconds. 

16.  As  seen  and  heard  from  D  anbury  ^  Conn.  (Lat.  41°  23'.  7, 
Long.  73°  28'). — Mr.  Marcel  Foubert  observed  a  flash  of  light 
and  looking  upwards  saw  a  meteor  of  unusual  brilliancy.  It 
left  a  long  luminous  trail  behind  it.  When  the  meteor 
reached  the  vicinity  of  the  Pleiades  it  exploded  scattering 
bright  red  pieces  in  every  direction.  The  report  of  the  ex- 
plosion was  very  slight,  and  the  interval  between  the  explosion 
and  report  was  but  a  few  (three  or  four)  seconds.  Its  direc- 
tion was  northwest. 

17.  On  the  6th  of  April  I  went  to  Danbury  and  saw  Mr.  C.  E. 
Curtis,  an  intelligent  farmer  living  two  and  a  half  miles  N.W. 
of  Danbury  (Lat.  41°  25'.6,  Long.  73°  29').  He  was  startled 
on  that  evening  by  the  bright  flash  of  light,  looked  up  and  saw 
the  meteor  overhead.  It  was  perfectly  stationary  in  the 
heavens.  This  want  of  apparent  motion  was  a  surprise  to 
him.  For  a  time  it  grew  in  brightness,  and  then  diminished 
and  went  out  without  changing  place.  The  color  was  at  first 
white,  but  later  was  red.  The  duration  of  the  phenomenon 
he  thought  was  about  1 2  seconds.  He  indicated  at  my  request 
the  time,  which  by  my  watch  was  about  7  seconds. 

18.  As  seen  from  Bethel,  Conn,  (Lat.  41°  22',  Long.  73°  25'). 
— According  to  the  Danbury  News  Mr.  Louis  Ohlweiler,  of 
Bethel,  heard  an  explosion  like  the  sound  of  a  pistol  shot, 
though  not  as  loud,  directly  overhead.  Looking  in  the  direc- 
tion of  the  explosion  he  saw  five  balls  of  fire  spread  out  like 
the  balls  of  an  exploded  rocket.  To  him  the  balls  seemed 
about  the  size  of  an  ^^^  and  blue-white  in  color,  like  electric 
lights.  He  kept  the  balls  of  fire  in  view  for  three  seconds, 
when  they  vanished  in  darkness. 

19.  As  seen  from  Pawling,  N.  Y,  (Lat.  41°  38',  Long.  73° 
36'). — Mr.  J.  Frank  Smith  saw  it  a  little  east  of  south,  and  its 
course  seemed  to  be  nearly  vertical. 

20.  As  seen  from  near  Poitghquag,  JV.  Y.  (Lat.  41°  43', 
Long.  73°  41'). — Miss  Statia  C.  Brill  was  driving  with  other 
persons.  They  saw  it  a  little  east  of  south.  It  seemed  to  fall 
somewhere  near  the  mountains  about  West  Pawling.  The 
explosion  was  accompanied  with  about  as  much  sound  as  a 
rocket  would  make,  barely  as  much. 
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21.  As  seen  from  Newburgh^  N.  JT.  (Lat.  41°  31',  Long. 
74°  1'). — A  gentleman  while  looking  towards  the  east  was 
attracted  by  a  bright  bine  light.  The  roof  of  a  honse  j>artly  hid 
the  display  from  him.  At  first  glance  it  seemed  to  be  nearly 
stationary  and  he  was  almost  convinced  that  it  was  a  piece  of 
fireworks,  but  on  looking  again,  the  rapid  shooting  of  the  fiery 
body  obliquely  towards  the  north  convinced  him  that  it  was  a 
meteor,  and  the  brightest  he  remembered  ever  seeing.  He 
would  say  that  it  dropped  directly  east  of  Newburgh  and 
either  on  or  east  of  the  Fishkill  Mountains.  Two  other 
observers  in  Newburgh  walking  in  South  street,  saw  the 
meteor  descend  from  a  point  in  the  east,  and  fall  quite  near 
the  Groveville  toboggan  slide  across  the  Hudson  Kiver.  It 
was  of  a  greenish  tint,  very  brilliant,  large  and  beautiful. 
Another  person  describes  it  as  of  a  raspberry  hue. 

22.  As  seen  from  HoweWs  Depots  iv.  Y,  (Lat.  41°  28',  Long. 
74°  15'). — Mr.  James  N.  Mapes  says,  that  it  was  almost  east  of 
him. 

23.  As  seen  from  Nanuet,  N.  T.  (Lat.  41°  5',  Long.  74°  0'). 
Mr.  J.  H.  Stertzer  was  walking  in  a  northeasterly  direction 
when  he  saw  the  meteor.  It  began  east  of  the  zenith  65°  to  70° 
high,  and  broke  at  a  height  of  about  45°  and  N.E.  of  the 
zenith.  It  appeared  to  be  about  the  size  of  a  man's  head,  and 
its  light  was  equal  to  that  of  the  full  moon.  It  lasted  about 
one  second. 

24.  As  seen  from  near  Rosendale^  N,  T, — Mr.  C  Yeeder 
was  driving  (Lat.  41°  53',  Long.  74°  5'),  and  saw  the  meteor 
fall  in  an  easterly  direction. 

25.  As  seen  from  New  York  City. — Mr.  William  H.  Cald- 
well was  in  Central  Park  near  the  south  end  of  the  mall. 
The  meteor  appeared  to  have  started  a  little  east  of  the  mall, 
and  seemed  to  be  very  near  the  earth.  It  had  a  bluish  color 
with  a  long  tail  and  was  at  least  five  seconds  in  the  sky. 
"After  the  tail  had  disappeared  a  red  ball  appeared  to  fall 
towards  the  earth  for  at  least  a  second  and  fade  slowly  out  of 
sight.'*  He  thought  he  heard  a  slight  detonation  like  a  sky- 
rocket. A  rough  sketch  accompanying  his  letter  showed  a 
course  of  the  meteor  toward  the  left,  and  making  an  angle 
less  than  45°  with  the  horizon.  The  mall  is  directed  about 
N.  16°  E.^ 

Mr.  Oliver  B.  Culley  was  walking  along  Third  avenue 
between  129th  and  130th  streets  when  he  saw  the  meteor.  It 
described  an  angle  with  the  horizon  of  about  40°  to  45°,  and 
broke  into  fragments  of  various  sizes  at  the  height  of  about 
25°  or  30°  above  the  horizon,  and  about  half  way  between  E 
and  N.E.,  or  rather  more  to  the  east.  It  had  a  brilliant  blue 
color. 


i 
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Mr.  HeniT  Hartman  saw  it  from  Washington  Heights  ^^  at 
an  anele  of  about  45°,"  and  its  diameter  before  T)ursting 
seemeo  about  16  inches.  It  burst  into  fragments  before  dis- 
appearance. 

26.  The  Leuois  Photograph. — The  track  which  appears  on 
Mr.  Lewis's  photograph  has  very  clearly  marked  margins,  and 
part  of  the  way  has  also  a  clearly  defined  central  track.  The 
stars  near  the  center  of  the  plate  have  well  rounded  figures, 
and  even  near  the  margins  of  the  plate  the  star  figures  can  be 
bisected  with  a  fair  degree  of  accuracy.  The  probable  error 
of  position  is  less  evidently  than  that  of  the  Bonn  Durchmiis- 
terung  places.  I  therefore  selected  from  the  stars  near  the 
track  six  couples  of  stars,  and  one  isolated  star  each  of  which 
had  been  observed  at  Leyden.  The  couplets  were  of  stars 
near  the  track,  one  on  each  side  of  it.  No  second  suitable  star 
was  available  on  the  plate  for  use  with  the  odd  star.  With  a 
filar  micrometer  the  distances  of  these  stars  from  the  track 
were  measured  and  the  position  of  the  point  where  the  line 
joining  two  stars  of  a  set  cut  the  center  of  the  meteor  track 
was  computed.  This  process  avoided  the  necessity  of  consider- 
ing the  scale  value  of  the  micrometer  screw,  except  for  the 
distance  of  the  odd  star  from  the  track. 


Table  I,  showing  the  measured  positions  of  seven  points  on  the  photographed 
meteor  path,  and  their  distances  from  a  great  circle  through  the  extreme 
points. 


No.oi 
point. 

Name  of      B.  A. 
star,  B.  D.    Leyde 

of  star 
n,  1875-0. 

N.  Decl.  of  star. 
Leyden,  1875-0. 

Places  of  points 
R.  A..  18750. 

in  meteoi 
N.  Decl. 

p  path. 
18750. 

D'vlafn 

from 
G.Clrcle 

1 

33^.273  !  I»»33»  15-12 

33* 

•  42'  24'-4 

1" 

33"" 

16»  12 

33" 

48' 

20''0 

O'-O 

2 

33  .  234  !  1    20 
33  .  233  ;  1    20 

0-26 
0-06 

33 
33 

43     39-5 
52     14-6 

I 

20 

0-15 

33 

47 

57-0 

-10-2 

3 

33.  190    1      7 
33.  189    1      7 

20-97 
9-82 

33 
33 

39     409 
45     20  3 

1 

7 

15-40 

33 

42 

30-6 

-23-3 

.        33.  138    (»   50 
*       33.  133    0  49 

44  79  1 
14-70  ! 

33 
33 

29     38-7    f. 
25     18  8' 

49 

68-38 

33 

27 

24  7 

-31-0 

5 

32.  101     0   30 
32.    99    0   29 

12-45   i 
44-39 

33 
32 

1     51-2 
49       1-0    " 

30 

6-62 

32 

59 

11-0         15-0 

^       32 .    85    0   25 
^       32.    8(>    0   24 

44-39 
47-58 

32 
32 

45     42-7    ^ 
53     30-4 

25 

12-20 

32 

50 

7  7     -25-3 

^       32  .    48  ;  0   14 
*        32.    42 10   13 

21-67 
10-82   ! 

82 
32 

17     10-7 
40     37-5    ^ 

13 

51-91 

32 

27 

1  7 

0-0 

In  this  way  were  obtained  the  right  ascensions  and  declina- 
tions of  seven  points  on  the  track.  In  Table  I  are  given  the 
comparison  stars  with  their  places  as  determined  at  Leyden. 
In  the  fifth  and  sixth  columns  are  the  seven  places  centrally 
on  the  track.  Drawing  a  great  circle  through  the  two  ex- 
treme places  and  computing  the  declinations  on  that  circle  for 
the  right  ascensions  of  the  fifth  column,  and  subtracting  these 
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from  the  declinations  in  the  sixth  column  we  have  the  remain- 
ders in  the  seventh  column.  These  residues,  taken  strictly, 
imply  that  the  meteor  path  was  curved  a  little,  the  concavity 
being  to  the  north.  But  if  a  great  circle  is  drawn  15^  north 
of  the  one  already  computed  as  passing  through  the  extreme 
points  It  will  represent  the  seven  places  with  extreme  devia- 
tions of  about  15''.  This  is  not  greater  than  the  average  er- 
rors of  measurement  from  the  plate  as  shown  by  the  agreement 
inter  se  of  individual  measures.  A  very  slight  curvature  of 
path  is  therefore  indicated  but  is  clearly  not  proven. 

27.  Possible  causes  of  curvature  of  path, — The  eflEect  of 
gravity,  and  that  of  the  rotation  of  the  earth  carrying  the 
camera,  to  produce  curvature  of  path  would  be  in  the  opposite 
direction  to,  and  for  any  reasonable  supposition  as  to  velocity 
would  be  much  smaller  than,  that  indicated  by  the  residuals  in 
column  seven.  If  the  meteor's  light  has  the  same  refraction 
as  that  of  the  stars  there  would  be  from  this  cause  a  small 
theoretical  curvature  of  path,  since  the  starlight  comes  through 
the  whole  atmosphere  and  the  meteor-light  only  through  a 
part  of  it.  But  this  cause  too  would  furnish  residuals  very 
small  compared  to  those  of  column  seven,  and  they  would  be 
opposite  in  sign.  If  there  is  any  curvature  we  may  therefore 
refer  it  to  glancing  in  the  air  caused  by  the  atmosphere's  re- 
sistance of  the  irregularly  shaped  body. 

28.  Time  at  which  the  meteor  appeared, — A  number  of  the 
observers  say  that  7^  30"^  was  the  actual  or  approximate  time 
of  the  appearance  of  the  body.  These  were  Mr.  Noyes  and 
Mr.  Kimball  at  Hingham,  Mr.  Harwood  at  Leominster,  Mr. 
Calkins  at  Branford,  Mr.  Glenny  at  New  Haven,  Mr.  Bradley 
at  Stevenson.  Mr.  Beale  at  Berlin  says  7.35.  Mr.  Curtis  of 
Danbury  placed  it  later  than  7.30.  Mr.  Tower  at  Concord 
says  7^  40"".  As  the  time  of  the  75th  meridian  from  Green- 
wich is  in  use  in  the  whole  region  there  is  no  correction  for 
differences  of  local  time.  No  one  names  a  time  earlier  than 
7^  3o™.  Probably  there  is  a  slight  tendency  to  name  a  time 
which  is  too  late,  since  the  ordinary  observer  of  such  a  meteor 
does  not  at  once  note  the  time,  being  interested  in  the  appear- 
ance of  the  body.  Hence  it  is  safe  to  take  7**  3o™  as  not  far 
from  the  true  time  of  appearance.  It  may  easily  have  been 
however  two  or  three  minutes  later. 

29.  Mr.  Lewis's  latitude  in  Ansonia  was  41°  20'  40",  and  his 
W.  longitude  73°  4'  20".  Allowing  for  precession,  etc.,  1  find 
that  the  plane  that  passed  through  Ansonia  and  the  path  among 
the  stars  as  photographed  by  him  cut  'the  earth  at  7**  30™  in  a 
line  which  crosses  the  meridian  of  73°  28'  (that  of  Danburj) 
at  latitude  41°  25'  9".  Each  minute  of  time  later  than  7^  30"^ 
would  carry  that  point  of  intersection  with  the  meridian  of     j 
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Danbury  north  3''-6  or  about  370  feet.  The  line  for  7^  30"^ 
crosses  centrally  the  upper  Kohanza  reservoir  as  given  upon 
the  Danbury  sheet  of  the  new  map  of  Connecticut.  The 
plane  was  at  7^  38°*  inclined  10°  3'  to  the  vertical  at  Ansonia, 
and  the  earth's  rotation  in  five  minutes  would  change  this 
inclination  by  a  very  small  quantity,  a  quantity,  however,  so 
small  that  it  may  be  safely  neglected. 

30.  The  various  observations  reported  in  4-25  when  used 
for  computing  the  meteor's  path  through  the  air  are  of  neces- 
sity liable  to  large  errors.  This  is  almost  universally  true  for 
such  meteors.  The  proper  adjustment  of  the  unavoidable  dis- 
crepancies is  a  matter  of  some  delicacy.  No  systematic  treat- 
ment like  the  method  of  least  squares  is  feasible.  No  formal 
system  of  balancing  the  errors,  or  taking  an  average  seems 
proper.  The  diflSculties  that  arise  are  not  those  which  a  mere 
computer  meets  with,  but  are  much  more  like  those  which  a 
judge  encounters  when  the  witnesses  give  conflicting  stories. 
The  judge  hears  the  evidence  of  all  the  parties,  and  then  tak- 
ing into  account  the  way  in  which  witnesses  are  accustomed  to 
use  language,  and  all  the  necessary  and  all  the  probable  rela- 
tions of  the  parties  and  things  concerned,  works  out  of  conflict- 
ing stories  what  to  his  mind  is  the  most  reasonable  statement 
of  the  facts. 

31.  If  a  meteor's  path  through  the  air  is  regarded  as  part  of 
a  straight  line  the  location  of  that  line  is  evidently  determined 
by  four  conditions ;  or,  if  the  beginning  and  ending  of  the 
body's  path  are  to  be  found,  two  more  conditions,  six  in  all,  are 
to  be  fulfilled.  Each  usable  observation  taken  by  itself  gives 
one  or  more  equations  and  reduces  by  one,  or  more  than  one, 
the  number  of  remaining  conditions.  When,  however,  the 
observations  furnish  more  equations  of  condition  than  the 
four  or  six  required  an  adjustment  becomes  necessary. 

In  practice  I  have  fou/id  it  better  in  collating  meteor  obser- 
vations to  first  select  the  best  observations  and  use  these 
exactly  as  made  to  reduce  the  number  of  unknowns  to  be 
found.  In  the  present  case  the  photographed  track  is  of 
course  the  best  observation,  and  it  furnishes  two  out  of  the 
four  conditions  needed  to  fix  the  line  of  the  meteor's  motion. 
The  photograph  determines  a  plane  through  Ansonia  and  the 
required  line.  Relative  to  the  stars  the  plane  is  quite  exactly 
determined,  the  errors  being  principally  such  as  are  caused  by 
errors  of  the  measurements  which  I  made  on  Mr.  Lewis's 
original  slide.  The  probable  error  of  one  measurement  I  esti- 
mated at  about  three-tenths  of  a  minute  of  arc.  The  relation 
of  this  plane  to  the  earth's  surface,  and  so  to  other  observers 
is  however  further  affected  as  shown  above  (29)  by  the  uncer- 
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tainty  of  the  epoch  of  the  flight,  since  the  earth  was  rotating 
relative  to  the  plane  passing  through  Ansonia  and  the  track. 

32.  Next  to  the  photograph  the  statements  of  Mr.  Cnrtis 
(17)  combined  with  the  several  statements  in  18-25  seem  least 
fitted  for  fixing  one  point  in  the  line  of  the  meteor's  motion. 
Mr.  Curtis  was  probably  a  few  hundred  feet  north  of  the  pho- 
tographed plane,  but  he  could  not  have  been  far  from  it  be- 
cause by  reason  of  the  earth's  rotation  that  plane  passed  over 
Mr.  Curtis's  place  between  7^  30°*  and  7^  35°».  To  Mr.  Curtis 
the  meteor  seemed  perfectly  stationary.  This  was  probably 
not  strictly  true.  We  can  only  assume  that  the  apparent 
motion  was  to  him  not  very  large.  The  body  was  moving  at 
an  inclination  to  the  vertical,  as  will  be  seen,  of  40°  or  50®, 
and  when  it  disappeared  was  not  many  miles  from  him.  If 
the  real  path  continued  met  the  ground  much  to  the  east  of 
him,  the  apparent  path  seen  by  Mr.  Curtis  would  have  gone 
down  towards  the  horizon  to  the  east-southeast ;  if  much  to  the 
west  of  him  the  apparent  path  would  have  gone  upward  nearly 
vertically,  but  a  little  to  the  south,  toward  a  point  south  of  the 
zenith.  I  believe,  if  the  meteor  had  been  directed  to  a  point 
more  than  two  or  three  miles  either  east  or  west  of  Mr.  Curtis, 
that  he  would  in  the  seven  seconds,  more  or  less,  during  which 
he  was  watching  it  have  noticed  the  downward  or  upward 
motion  of  the  fireball.  I  shall  assume  therefore  that  the  line 
of  the  meteor's  path  met  the  ground  in  Lat.  41°  25' '5,  Long. 
73°  *29'.     This  point  I  shall  call  Clapboard  Kidge. 

33.  The  reports  from  N.  Y.  State,  are  in  accord  with  and 
confirm  in  a  general  way  this  assumption. 

Mr.  Smith  (19)  sixteen  miles  K  23°  W.  from  Clapboard 
Kidge  says  that  it  fell  a  little  east  of  south. 

Miss  Brill  (20)  twenty-three  miles  N.  28°  W.  from  Clap- 
board Ridge  says  it  fell  a  little  east  of  south. 

To  observers  in  Newburgh  (21)  twenty-nine  miles  N.  77°  W. 
it  fell  in  the  east. 

Mr.  Mapes  (22)  forty  miles  N.  86°  W.  saw  it  almost  east  of 
him. 

Mr.  Stertzer  (23)  thirty-six  miles  S.  49°  W.  says  that  it 
broke  N.E.  of  the  zenith  at  a  height  of  45°.  Altitudes  in 
such  cases  as  this  are  usually  overestimated.  This  observation 
together  with  those  reported  from  Rosendale  and  New  York 
City  (24  and  25)  so  far  as  they  are  definite  are  all  fairly  well 
represented  by  the  assumption  made. 

34.  We  have  thus  established  three  out  of  the  four  condi- 
tions which  the  straight- line  path  of  the  meteor  must  satisfy, 
namely,  the  line  must  pass  through  Clapboard  Ridge,  and 
must  lie  in  a  plane  passing  through  Clapboard  Ridge  and 
Ansonia,  which  plane  is  inclined  to  the  vertical  of  either  Clap- 
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board  Eidge  or  AnsoDia  a  little  more  than  ten  degrees.  (The 
elevations  of  Ansonia  and  Clapboard  Eidge  above  the  sea  may 
in  this  case  be  neglected.)  The  remaining  condition  is  less 
exactly  determined  by  the  observations.  The  best  unknown 
to  use  is  the  place  of  the  meteor's  quit,  that  is,  the  point  on 
the  celestial  sphere  from  which  the  meteor  was  moving. 

35.  A  glance  at  the  observations  in  and  near  Boston,  and  in 
N.  Y.,  shows  that  the  meteor  was  moving  in  that  plane  at  a 
lar^  angle  with  the  vertical  and  also  at  a  large  angle  with  the 
horizon.  But  no  one  of  the  observations  has  bv  reason  of  the 
position  of  the  observer  or  other  quality,  a  clear  right  to  be 
used  to  the  exclusion  of  the  others. 

36.  The  meteor's  path  is  assumed  to  be  a  right  line  ;  hence 
its  kpparent  path  to  each  observer  must  be  an  arc  of  a  great 
circle  on  the  heavens.  The  true  path  produced  passes  through 
Clapboard  Bidge ;  the  circle  of  its  apparent  path  must  contain 
the  point  near  the  horizon  in  which  Clapboard  Bidge  would 
be  seen  by  the  observer.  The  apparent  path  produced  back- 
ward on  the  sky  must  contain  the  meteor's  quit  We  must 
determine  on  the  photographed  arc  a  place  for  the  quit  such 
that  the  various  observations  shall  be  best  satisfied,  regard 
being  had  to  every  known  quality  of  the  observations. 

37.  An  artificial  globe  (celestial  or  terrestrial)  is  convenient 
for  the  study  of  the  problem.  Set  the  pole  of  the  globe  in 
the  zenith,  and  then  the  meridians  are  vertical  circles.  If  the 
statements  of  the  observers  are  not  definite  enough  (and  they 
are  not  in  this  instance)  to  make  it  worth  while  to  consider  the 
different  places  of  the  zeniths  of  the  observers,  we  may  treat 
the  pole  of  the  artificial  globe  as  the  zenith  of  each  observer. 
Then,  the  point  on  the  horizon  in  the  azimuth  of  Clapboard 
Bidge  from  the  observer  must  be  in  the  circle  of  each  ob- 
served path.  Assume  on  the  photographed  path  a  quit,  and 
suppose  arcs  drawn  from  this  quit  to  the  several  horizon  points. 
If  the  quit  is  correct  the  observed  paths  were  in  these  arcs. 
Move  the  quit  up  or  down  the  photographed  circle  until  the 
arcs  represent  the  statements  of  the  several  observers  with  the 
least  violence  to  the  language  used.  Instead  of  a  globe  a 
stereographic  or  a  central  projection  of  a  hemisphere  may  be 
used.  If  the  observations  warranted  greater  refinement  of 
treatment  methods  of  computing  could  be  easily  devised.  I 
find  that  if  the  quit  is  taken  45°  from  the  line  joining  Clap- 
board Ridge  to  Ansonia  the  various  accounts  will  be  satisfied 
about  as  well  as  if  the  quit  was  assumed  to  be  at  any  other 
point  in  the  photographed  plane. 

38.  The  distance  from  Ansonia  to  Clapboard  Ridge  is 
twenty-two  miles  and  I  assumed  that  the  angle  at  Clapboard 
Ridge  is  45°.     The  length  of  the  track  on  the  photograph 
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plate  was  18°*8.  The  place  where  it  entered  upon  the  plate 
was  72°  7  from  the  horizon  measured  in  the  photographed 
plane.  These,  data  show  that  at  the  entrance  of  the  fireball 
upon  the  photograph  plate  it  was  17*6  miles  from  the  camera^ 
and  at  the  other  margin  of  the  plate  it  was  15*75  miles  dis- 
tant. The  length  of  the  photographed  track  was  five  and 
three-fourths  miles.  The  altitudes  above  the  earth  were  16*5 
and  12*6  miles  respectively.  According  to  the  usual  hypothe- 
sis of  the  density  of  the  air  as  we  ascend,  the  barometric  pres- 
sure at  the  middle  of  the  photographed  track  was  a  little  less 
than  two  inches,  and  the  pressure  was  more  than  twice  as 
much  at  the  lower  as  at  the  upper  point.  The  uncertainty  in 
the  numbers  in  this  article  is  not  very  great.  The  principal 
cause  of  uncertainty  is  the  want  of  exactness  in  the  location 
of  the  quit,  and  the  triangles  are  so  located  that  this  cause 
cannot  largely  affect  numbers  given.  The  residuals  not  ex- 
ceeding 15''  in  (26)  that  indicate  possible  curvature  correspond 
to  deviations  of  the  path  from  a  plane  not  exceeding  6  feet. 

39.  In  Plate  III  is  given  an  enlarged  print  of  the  photo- 

Sjraphed  track  in  six  portions.  It  is  about  twenty  six  inches 
ong,  so  that  it  represents  in  length  the  track  on  a  scale  of 
1 :  14000.  The  breadth  of  the  track  in  the  photograph  at  the  two 
ends  is  due  to  want  of  exact  focus.  Owing  to  changes  dur- 
ing the  processes  of  reproduction  the  print  shows  the  path 
near  its  end  much  narrower  than  did  the  original  plate.  On 
Mr.  Lewis's  plate  the  path  shows  near  the  end  a  clearly  marked 
central  line  and  a  smoothly  limited  marginal  region  five  or  six 
minutes  in  breadth.  The  latter  is  only  faintly  reproduced  in 
the  plate. 

40.  The  stone  was  evidently  single  during  its  passage  across 
the  field  of  view.  The  breaking  up  which  was  noticed  by 
several  observers  took  place  lower  down. 

The  irregularities  of  light  in  the  path  increase  notably  in 
frequency  towards  the  end  of  the  plate.  At  first  they  recnr 
only  after  hundreds  of  feet,  while  near  the  end  they  are  per- 
haps ten  times  as  frequent.  Such  irregularities  might  be  due 
to  small  fragments  breaking  off  from  the  main  mass.  But  it 
would  seem  reasonable  that  in  that  case  we  should  be  able  to 
detect  small  spurs  of  light  from  the  path  and  of  these  I  see  no 
trace.  It  seems  much  more  reasonable  to  suppose  that  the 
stony  mass  was  in  rotation,  more  rapid  at  the  end  than  at  the 
beginning,  and  that  unequal  amounts  of  burned  material  were 
thrown  off  according  as  a  well  burned  or  a  raw  surface  was  for 
the  instant  in  front. 
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Art.  XXIV. — 07%  a  Photometric  Method  which  is  indepen- 
dent of  Color ;  by  Ogden  N.  Rood. 

The  principle  underlying:  most  of  the  photometric  methods 
now  in  use  depends  on  a  comparison  of  the  illumination  of  two 
adjacent  fields ;  in  some  instances  as  where  a  spot  or  a  ring  is 
made  to  disappear,  this  idea  is  thinly  disguised,  but  instantly 
becomes  apparent  when  the  lights  are  differently  colored. 

The  object  of  the  present  paper  is  to  present  a  mode  of  pro- 
cedure in  which  the  coloration  of  the  two  surfaces,  even 
though  at  a  maximum  of  vividness,  is  a  matter  of  entire  indif- 
ference, since  the  process  depends  not  on  a  comparison  of 
these  surfaces,  but  on  the  shock  which  the  retina  experiences 
when  one  surface  is  quickly  withdrawn  and  replaced  by  another. 
If  we  take  a  uniform  circular  disc  of  any  color,  illuminate  it 
evenly,  and  then  set  it  in  rotation  slowly  or  rapidly,  the  retina 
will  receive  no  shock,  since  the  parts  replacing  each  other  in 
the  retinal  image  are  in  all  respects  identical,  in  other  words 
no  flickering  will  be  perceived.  If,  however,  one-half  of  the 
disc  reflects  less  light  than  the  other  by  ^^  of  the  total  amount, 
with  appropriate  rates  of  rotation  a  faint  flickering  will  be 
noticed,  which  will  increase  in  intensity  as  the  difference  of 
the  luminosities  of  the  two  halves  of  the  disc  is  made  greater. 

Accordingly  I  prepared  a  set  of  about  a  hundred  discs  of 
drawing  paper,  their  depth  of  tint  ranging  from  the  whitest 
white  paper  down  to  the  blackest,  the  gradation  being  as  even 
as  practical.      For  the  determination  then  of  the  reflecting 
power,  for  example  of  a  vermilion  disc,  it  was  only  necessary 
to  select  from  the  series  a  gray  disc  which  when  combined 
with  it  in  equal  parts  gave  no  perceptible  flicker,  and  after- 
wards to  determine  the  reflecting  power  of  this  gray  disc  in 
terms  of  the  standard  white  cardboard.     Results  were  thus 
obtained  for  the  principal  colors,  red  and  blue-green,  yellow 
and  blue,  green  and  purple.     The  difficulty  in  measuring  the 
reflecting  power  of  these  colored  discs  was  in  all  cases  the 
same,  and  was  due  to  the  fact  that  it  is  hard  to  obtain  gray 
discs  with  absolutely  uniform  surfaces.     This  trouble,  or  a  lack 
of  uniformity  in  the  colored  discs  themselves,  was  to  a  con- 
siderable extent  obviated  by  reversing  the  halves  of  the  com- 
posite disc  so  as  to  employ  the  previously  unused  surfaces. 
Small  irregularities,  texture,  or   a  sandy  appearance  do  not 
interfere  with  the  use  of  the  discs  to  a  noticeable  extent,  but 
when  the  depth  of  the  tint  changes  slowly  over  an  extended  sur- 
face it  gives  more  trouble.     Of  course  the  case  frequently  arose 
where  in  the  entire  hundred  discs  not  one  could  be  found  with 
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which  the  flickering  entirely  disappeared  with  quite  low  rates 
of  rotation,  and  here  it  was  necessary  to  determine  with  which 
gray  disc  the  flicker  was  at  a  minimum.  This  was  accom- 
plished by  combining  the  same  colored  disc  with  two  gT^Lj 
discs,  a  larger  and  a  smaller,  on  the  same  axis,  when  it  would 
become  evident  which  was  the  more  favorable  combination, 
and  the  observer  would  notice  that  the  luminosity  of  the  col- 
ored disc  must  be  nearer  to  one  gray  disc  than  to  its  mate,  or 
about  equally  distant  from  both. 

As  before  stated  results  were  obtained  for  six  discs,  but 
these  were  selected  so  as  to  be  complementary  to  each  other  in 
pairs,  and  in  order  to  test  the  process  they  were  now  combined 
pair-wise  and  the  resultant  luminosities  of  their  gray  mixtures 
were  determined  by  the  old  method,  and  afterwards  calculated 
on  the  basis  of  the  figures  furnished  by  the  flickering  process. 

Gray  mixture.         Diff.  Gray  mixture.        Diff. 

Purple  and  green  {  ^.^  ^^^-^^    0      Red  and  b.ue-green  j  f;\  <>^J^   ^ 

Gray  mixture.  ^   DifE. 
YeUow  and  blue  {^^:f,:^--^      125 

These  experiments  were  not  at  all  elaborate,  and  as  their 
greatest  difference  barely  exceeds  one  per  cent  of  the  reflect- 
ing power  of  white  cardboard,  they  may  be  taken  as  furnish- 
ing a  proof  of  the  correctness  of  the  process  employed. 

Thus  far  we  have  dealt  with  the  combination  of  white 
(gray)  discs  with  those  that  are  strongly  colored,  and  it  remains 
to  give  an  example  of  the  process  as  applied  to  two  differently 
colored  but  not  complementary  discs.  To  test  this  matter  it 
was  necessary  to  find  two  colored  discs  having  the  same  or 
nearly  the  same  reflecting  power.  In  my  collection  I  finally 
found  two  such  discs,  a  cyan-blue  with  a  reflecting  power  of 
23*9  and  a  purple  for  which  the  figure  23*3  had  been  obtained : 
these  discs  when  combined  gave  a  scarcely  perceptible  flicker. 
Since  then,  graded  series  of  yellow  discs  have  been  made,  but 
it  has  been  impossible  to  find  time  to  hunt  up  their  equivalents 
in  luminosity  and  make  the  necessary  determinations. 

This  flickering  process  having  answered  so  well,  the  proce- 
dure was  reversed,  and  used  with  great  advantage  to  facilitate 
the  determinations  of  the  values  of  the  gray  discs  executed  in 
the  ordinary  way ;  in  other  words  the  series  of  gray  discs  as 
made  by  myself  is  not  pure  gray  but  has  a  slightly  yellowish 
tint  that  makes  estimation  on  equality  of  luminosity  a  little 
more  diflScult  than  it  ought  to  be.     Accordingly  in  measuring 
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the  reflecting  power  of  the  gray  discs  by  the  old  method,  the 
standard  white  and  blacks  discs  were  combined  with  a  8maU 
amount  of  an  orange-yellow  disc  which  made  their  mixture 
match  the  tint  of  the  gray  disc  under  experiment.  The  lumi- 
nosity of  the  orange-yellow  disc  in  terms  of  standard  white 
card-board  being  known,  the  flnal  result  was  calculated  with 
equal  facility  and  the  annoyance  removed.  It  is  hardly  neces- 
sary to  add  that  in  all  cases  the  amount  of  white  light  reflected 
from  the^  standard  black  disc  was  taken  into  account. 

An  experiment  was  now  made  to  test  the  flicker  process  by 
using  it  to  determine  the  reflecting  power  of  two  gray  discs 
which  were  afterwards  measured  in  the  orditjary  way,  and  the 
following  result  was  obtained  : 

Direct  determination 34*1  29*1 

Flicker  "  33-'7  28'6 

Difference   '4  '5 

These  determinations  were  not  elaborate  but  may  suflSce  for 
the  purpose. 

Afterwards  a  more  careful  set  of  observations  was  made  to 
ascertain  with  what  minimum  difference  in  luminosity  the 
flicker  became  insensible  ;  a  series  of  flve  light-gray  discs  was 
made  with  gradations  so  small  that  these  would  nave  required 
elaborate  work  for  their  individual  determination  which  was 
not  attempted,  directly,  the  method  of  measuring  the  least 
and  the  most  luminous  disc  being  employed,  and  the  difference 
between  the  figures  divided  by  four.  When  these  discs  were 
tested  flicker  fashion  in  pairs,  it  was  found  that  the  intervals 
between  them  were  not  at  all  identical,  one  being  larger  and 
its  neighbor  smaller  than  the  average  interval,  but  each  pair 
nevertheless  furnished  a  faint  but  distinct  flicker.  If  the 
intervals  had  been  regular,  as  was  intended,  the  experiments 
would  have  proved  that  with  a  difference  of  A-  part  of  the 
total  light  a  flicker  could  be  perceived  ;  as  it  was,  it  showed  that 
a  considerably  smaller  difference  suffices,  probably  about  y^^. 

It  is  evident  that  for  the  purpose  of  measuring  the  reflect- 
ing power  of  colored  discs,  it  will  not  in  every  case  be  neces- 
sary to  undergo  the  labor  of  making  an  elaborate  set  of  gray 
discs ;  if  the  experimenter  is  furnished  with  six  or  eight  bril- 
liantly colored  discs,  the  reflecting  power  of  which  has  been 
carefully  determined,  then,  with  these  and  black  and  white 
discs,  he  will  be  able  to  match  new  discs  and  measure  their 
luminosity  in  the  old  way. 
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There  does  not  seem  to  be  any  reason  why  this  process  with 
the  aid  of  well  known  optical  devices  should  not  be  applied  to 
ordinary  photometric  work,  or  to  such  as  is  carried  on  in  the 
interior  of  the  observing  telescope  of  a  spectroscope.  In 
simple  work  with  discs  like  that  here  presented,  the  flicker 
photometer  is  necessarily  on  the  model  of  a  stair  case,  and  the 
transitions  thoagh  small  are  always  abrupt ;  but  when  there 
are  other  modes  of  regulating  the  illumination  this  would  not 
be  the  case,  and  the  advantage  of  multiplying  obsor^^tions 
would  be  more  fully  experienced.  Some  experiments  for 
dividing  up  even  the  interval  between  two  discs  have  been 
begun,  with  promising  results,  but  are  not  yet  finished. 

It  is  well  known  that  gazing  steadily  at  a  flickering  surface 
is  trying  to  the  eyes,  but  in  the  operations  above  described  no 
inconvenience  whatever  from  this  source  was  experienced, 
since  if  the  flicker  was  strong  a  glance  revealed  the  fact  and 
another  disc  was  substituted  ;  the  faint  flickering  which  de- 
mands more  prolonged  attention  seems  to  be  no  more  trying  to 
the  eyes  than  ordinary  ootical  work. 

It  may  be  a  matter  of  some  interest  in  physiological  optics 
to  know  that  the  sensation  called  "  flickering,"  is  independent 
of  wave-length  and  connected  with  change  in  luminosity. 
When  two  differently  colored  surfaces  of  the  same  luminosity 
are  successively  presented  to  the  eye  as  above  described,  no 
shock  is  experienced,  and  the  colors  are  seen  to  mingle  in  a  soft 
streaky  way ;  if  observation  is  prolonged  for  some  time,  sub- 
jective effects  begin  to  manifest  themselves  especially  with 
quite  low  rates  of  rotation ;  it  is  of  course  best  not  to  study 
these  with  undue  curiosity. 

Columbia  College,  June  19th,  1893. 


Akt.  XXY. — Actinolite  Magnetite  Schists  from  the  Mesabe 
Iron  Range^  in  Northeastern  Minnesota;  by  W.  S.  Bayley. 

Attention  has  been  repeatedly  called  to  the  existence  of 
beds  of  amphibole  schists  associated  with  the  ores  in  the  older 
iron  regions  of  the  Lake  Superior  District.  Brooks,*  Wich- 
mannt  and  WrightJ  referred  to  those  occurring  in  Wisconsin 
under  the  name  actinolite  schists  and  anthopnyllo-actinolite 
schists,  and  Julien||  under  the  name  tremolite-schists.     Those 

*T.  B.  Brooks:  Geol.  of  Wisconsin,  vol.  iii,  1873-79,  p.  525,  677,  578,  eta 
f  A.  Wichmann:   lb.,  vol.  iii,  p.  639,  etc. 
i  C.  E.  Wright:  lb.,  vol.  iii,  p.  699,  etc. 
I  A.  A.  Julien:  lb.,  vol.  iii,  p.  226,  etc. 
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found  in  Michigan  have  been  called  anthophyllite  schists  by 
Brooks  and  Brush*  and  by  Julien.f  In  the  Penokee  district 
of  Michigan  and  Wisconsin,  Irving  and  Van  Hise:]:  describe 
them  as  actinolitic  and  magnetitic  slates,  and  mention  them  as 
forming  a  portion  of  tlie  iron-bearing  member,  just  below  the 
upper  fragmental  slates  and  immediately  above  the  similariy 
fragmental  vitreous  quartzites  of  the  Penokee  series.  They 
are  associated  with  slaty  and  cherty  iron  carbonates  and  with 
ferruginous  slates  and  cherts,  regaraed  as  chemical  sediments. 

Lane  and  Sharple6s§  have  recently  shown  that  in  some  of 
these  schists  from  the  Marquette  area  the  amphibole  is  rich  in 
iron  and  magnesium,  while  entirely  devoid  of  even  a  trace  of 
calcium,  and  hence  that  it  should  be  classed  with  the  variety 
griinerite. 

The  relations  of  these  schists  to  the  other  members  of  the 
iron-bearing  series  have  been  made  out  only  in  the  Penokee 
area  as  above  stated,  though  they  are  said  by  Irving  and  Van 
Hise||  to  be  intimately  associated  with  cherty  carbonates  in  the 
Animikie  rocks  of  Minnesota. 

The  widespread  occurrence  of  these  peculiar  rocks  through- 
out all  of  the  iron-bearing  horizons  of  the  Lake  Superior 
region  that  have  been  subjected  to  more  than  a  merely  super- 
ficial examination,  must  be  of  significance.  Consequently  the 
discovery  of  them  on  the  newly  opened  Mesabe  Ranged  is  of 
some  interest  from  a  theoretical,  if  not  from  a  practical  stand- 
point. The  object  of  this  note  is  simply  to  announce  this 
discovery  and  to  describe  very  briefly  the  characteristics  of  the 
rocks. 

The  easternmost  end  of  the  Mesab6  area  is  in  the  vicinity  of 
T .  61N  .  R .  12  W.  Minnesota.  In  the  S.E.  J  of  the  S.E.  J  of 
Sec.  34  in  this  town,  and  only  half  a  mile  from  the  north  side 
of  the  great  gabbro  mass  lying  to  the  south,  is  a  series  of  dark, 
heavy  schists  highly  charged  with  magnetite.  Of  these  eight 
specimens  have  been  examined,  the  geological  associates  of 
which  are  unfortunately  not  known.  Under  the  microscope  it 
is  seen  that  these  rocks  consist  almost  exclusively  of  magnetite 
and  an  almost  colorless  amphibole. 

The  magnetite  forms  from  fifty  to  ninety  per  cent  of  the 
entire  rock-mass.    It  occurs  as  large  and  small  grains  imbedded 

*T.  B.  Brooks  and  G.  J.  Brush:  Geological  Survey  of  Michigan,  vol.  i,  1869- 
1873,  p.  114. 

t  A.  A.  Julieu:  lb.,  vol.  ii,  1873.  p.  24,  91-93,  etc. 

X  R.  D.  Irving  and  C.  R.  Van  Hise :  The  Penokee  Iron-bearing  Series  of  Michi- 
gan and  Wisconsin,  10th  An.  Rep.  TJ.  S.  Geol.  Survey,  p.  389. 

§  A.  C.  Lane  and  F.  F.  Sharpless :  this  Journal,  xlii,  p.  505,  1891. 

|1R.  D.  Irving  and  C.  R.  Van  Hise,  1.  c,  p.  404. 

%  H.  V.  Winchell :  The  Mesabe  Iron  Range,  Geol.  and  Nat.  Hist.  Survey  of 
Minn.,  20th  Ann.  Rep.,  p.  111. 

Am.  Jour.  Sol— Third  Series,  Vol.  XLYI,  No.  273.— Sept.,  1893. 
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in  the  amphibole.  The  smaller  grains,  with  the  exception  of 
the  tiny  dust  particles  scattered  through  the  amphibole,  all 
show  traces  oi  octahedral  or  cubic  faces.  The  larger  grains 
are  very  irregular  in  outline,  but  their  irregularity  is  due  rather 
to  the  agglutination  of  tiny  grains  with  crystallographic  con- 
tours than  to  the  accumulation  of  masses  with  accidental 
boundaries.  Traces  of  octahedral  faces  may  be  seen  in  nearly 
all  of  the  large  magnetite  masses,  and  in  some  cases  these 
latter  appear  to  be  sections  of  well  developed  crystals. 

The  amphibole  is  in  large  colorless  plates  that  interlock  by 
irregular  sutures,  or  in  sheaf-like  bundles  of  tiny  fibers.  In 
the  former  case  the  mineral  includes  magnetite  so  thickly  that 
in  the  hand-specimen  the  rock  appears  nnely  granular ;  but  it 
reflects  light  evenly  from  large  areas,  and  these  upon  close 
inspection  are  learned  to  be  the  cleavage  faces  of  the  amphi- 
bole. In  cross  section  the  plates  sometimes  present  well 
marked  crystallographic  outlines  in  which  the  prismatic  planes 
of  hornblende  are  plainly  distinguishable,  and  these  sections 
are  crossed  by  two  cleavages  cutting  each  other  at  the  horn- 
blende angle  of  124*^.  In  other  sections  only  a  single  cleavage 
is  apparent  as  a  series  of  parallel  lines  against  which  the  ex- 
tinction is  about  14°.  The  double  refraction  of  the  mineral  is 
fairly  strong  and  is  negative,  and  the  plane  of  its  optical  axes 
is  parallel  to  the  single  cleavage.  In  two  of  the  sections 
studied  many  of  the  plates  are  crossed  by  polysynthetic  twin- 
ning lamellae  as  in  the  case  of  the  grlinerite  described  by  Lane 
and  Sharpless. 

The  fibers  in  the  sheaf-like  bundles  are  colorless  like  the 
material  of  the  plates  or  are  very  light  green.  Their  extinc- 
tion is  sometimes  parallel  to  their  long  axes  and  sometimes  is 
slightly  inclined  to  them.  Their  double  refraction  is  some- 
what stronger  than  that  of  the  plates  and  their  polarization 
colors  are  usually  very  brilliant.  Their  axes  of  least  elasticity 
are  nearly  parallel  to  the  longitudinal  directions  of  the  needles 
which  are  therefore  negative,  if  the  orientation  of  their  optical 
axes  is  as  it  is  in  normal  hornblende.  Two  cleavages  are  dis- 
cernible, one  parallel  to  the  long  directions  of  the  fibers  and 
one  (a  parting)  transverse  to  them.  Cross  sections  of  the 
bundles  were  not  seen. 

The  properties  of  the  plates  and  of  the  fibers  suflSciently 
characterize  both  as  a  tremolitic  or  actinolitic  hornblende  or  as 
grlinerite. 

A  second  amphibole  intergrown  with  the  colorless  variety 
differs  from  this  latter  only  in  having  a  greenish  tinge.  It 
may  also  be  slightly  more  strongly  doubly  refracting,  but 
otherwise  it  is  similar  in  all  respects  to  the  colorless  mineral. 
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An  analysis  of  one  of  the  best  examples  of  these  schists, 
No.  8779,  from  S.E.  i  of  S.E.  i,  Sec.  34,  T.  61,  N.  R.  12  W., 
Minn.,  yielded  Mr.  W.  H.  Melville  the  following  figures : 

No.  8t79.  No.  8784. 

SiO, 12-36  1-16 

TiO -12  none 

Al^O, -10  1-81 

Fe.O. 58-68  69-08 

FeO 21-34  27-10 

MnO 1-22  -33 

CaO 1-91  -53 

MgO 4-08  -25 

Na,0 ir. 

P,0, -25  -06 

Loss -19 

Total 100-24  100-32 

This  is  a  rock  composed  exclusively  of  large  plates  of  the 
colorless  amphibole  and  large  grains  of  magnetite.  The  latter 
mineral  was  not  analyzed,  but  a  rock  from  near  No.  8779,  con- 
sisting of  almost  pure  magnetite  was  analyzed  by  Mr.  Melville, 
who  reports  the  results  entered  under  No.  8784.  Neither  the 
magnetite  in  8779  nor  that  in  8784  contains  any  notable  quan- 
tity of  titanium,  and  thus  they  differ  markedly  from  the 
gabbro  magnetites  bordering  much  of  the  south  side  of  the 
Mesab^  range. 

With  respect  to  the  amphibole  in  this  rock  it  is  manifestly 
impossible  to  decide  positively  whether  it  isgrlinerite  or  actin- 
elite.  If  we  regard  the  FCjO,  as  existing  in  the  magnetite, 
and  ascribe  to  this  component  also  the  MnO,  half  of  the  MgO 
and  suflScient  FeO  to  satisfy  the  formula  Fe,0^,  there  remain 
the  other  oxides,  after  deducting  enough  CaO  to  combine  with 
the  PjO,  in  apatite",  in  the  following  proportions : 

SiOa  FeaO,      AlaOt  FeO  CaO  MgO         Total 

71-63  -92  -58         5-80         9*40  11-60  =  99-93 

which  are  nearer  those  of  actinolite  than  of  any  other  amphi- 
bole, although  the  percentage  of  SiO,  is  abnormally  large. 

One  specimen.  No.  8783,  consists  of  several  alternating  light 
and  dark  bands.  Of  the  latter  it  need  only  be  said  that  their 
composition  is  similar  to  that  of  the  actinolite  magnetite  schists, 
i.  e.  they  are  composed  of  large  plates  of  amphibole  thickly 
strewn  with  grains  of  magnetite.  The  dark  bands  pass  gradu- 
ally into  the  light  ones,  the  magnetite  decreasing  in  quantity 
as  the  borders  of  the  light  bands  are  reached,  until  in  the 
interiors  of  these  bands  all  of  this  mineral  has  disappeared. 
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The  principal  components  of  the  light  bandfl  are  actinolite  of 
the  platy  form,  grains  of  a  light  green  amphibole  that  may  be 
a  more  ferriferous  actinolite,  and  a  few  ragged  grains  of  plagio- 
clase.  None  of  these  constituents  have  sharp  outlines.  They 
all  dovetail  into  one  another  even  more  irregularly  than  do  the 
minerals  of  a  granitic  rock.  In  the  little  interstices  that  some- 
times occur  between  the  larger  individuals  and  included  within 
these  in  considerable  quantity  are  many  small  and  more  or  less 
rounded  grains  of  a  colorless  mineral,  whose  isotropic  sections 
show  the  straight  bar  of  a  uniaxial  interference  figure.  Other 
sections  are  rhomboidal  in  shape.  These  are  doubly  refracting 
and  they  extinguish  parallel  to  the  diagonals  of  the  rhomboids. 
The  general  aspects  of  the  mineral,  and  its  properties,  so  far 
as  they  can  be  determined,  are  those  of  quartz. 

The  descriptions  above  given  agree  very  closely  with  those 
given  by  Irving  and  Van  Hise*  for  the  corresponding  schists 
in  the  Penokee  series,  except  that  in  the  Minnesota  rocks 
quartz  is  rare  and  hematite  is  absent.  The  presence  of  these 
peculiar  rocks  in  the  Mesabe  range  is  noteworthy,  since  their 
origin  in  certain  other  districts  is  supposed  to  be  very  closely 
connected  with  the  origin  of  the  iron  ores  with  which  they 
are  associated.  If  in  the  Mesab^  district  they  are  found  to  be 
related  genetically  with  an  original  carbonate  of  iron,  an 
important  analogical  link  between  the  Mesab^  and  the  Penokee 
series  will  have  been  established. 


Art.  XX  VI. — On  some  Double  Salts  of  Lead  Tetrachloride  ^ 

by  H.  L.  Wells. 

The  existence  of  lead  tetrachloride  has  long  been  surmised 
from  the  fact  that  the  corresponding  oxide,  when  dissolved  in 
cold  hydrochloric  acid,  gives  a  yellow  solution  in  which  sul- 
phuric acid  does  not  give  an  immediate  precipitate.  Lead 
tetrachloride  itself,  however,  has  never  been  isolated,  nor  has 
any  double  salt  which  it  forms  been  satisfactorily  described. 

Sobrero  and  Selmif  found  that  when  chlorine  is  passed  into 
a  solution  containing  sodium  chloride  and  lead  chloride,  the 
liquid  becomes  yellow.  They  found  it  impossible  to  isolate 
the  compound  either  by  evaporation  or  cooling,  so  that  they 
determined  the  lead,  sodium  and  chlorine  in  such  a  solution, 
and  found  it  to  contain  these  constituents  in  the  ratio  corre- 
sponding to  Pb01^+9NaCl.     Sobrero  and  Selmi  say  that  per- 

*R.  D.  Irving  and  C.  R.  Tan  Hise:  1.  c,  p.  389-393. 
f  Ann.  Chim.  Phys.,  Ill,  xiix,  161, 
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haps  this  is  the  formula  of  the  compound,  but  they  put  a 
question-mark  after  it.  Their  analysis  indicates  the  existence 
of  PbCl^  in  combination  with  NaCl,  but  if  the  solution  had 
contained  a  compound  of  that  composition,  which  was  stable 
with  water,  it  probably  could  have  been  isolated  by  evapora- 
tion. The  fact  is  that  the  double  salts  of  lead  tetrachloride  are 
not  stable  with  water,  as  will  be  shown  in  the  present  article. 
Therefore,  since  a  large  excess  of  sodium  chloride  must  have 
been  present  in  the  solution  of  Sobrero  and  Selmi,  their  analy- 
sis could  not  have  determined  the  composition  of  the  double 
salt  that  it  contained. 

•  Nickles*  saturated  a  strong  solution  of  calcium  chloride  with 
lead  chloride  and  chlorine  and  analyzed  the  solution.  He 
found  it  to  contain  lead,  calcium  and  chlorine  in  the  propor- 
tions represented  by  PbCI^-f-16CaCl,.  In  conclusion  Nickles 
does  not  claim  that  any  such  double  salt  exists,  but  merely 
claims  to  have  indicated  the  existence  of  PbCl^. 

In  view  of  the  fact  that  the  formulae  PbCl^+ONaCl  and 
PbCI^-l-lGCaCl,  merely  represented  the  composition  of  solu- 
tions, it  is  remarkable  that  they  are  given  in  some  handbooks 
of  chemistry  as  real  chemical  compounds.  It  may  be  men- 
tioned that  Camegief  has  used  the  formula  PbCl^ .  9NaCl  in 
support  of  a  theory  on  double  halides. 

O.  Seidelij:  mentions  unsuccessful  attempts  to  isolate  PbCl^ 
and  its  double  salts  with  the  chlorides  of  other  metals. 

Fisherg  dissolved  lead  peroxide  in  hydrochloric  acid  and 
found  that  all  the  lead  in  the  solution  was  precipitated  again 
as  peroxide  by  the  addition  of  sodium  acetate.  He  was  evi- 
dently not  aware  of  the  fact  that  Rivot,  Beudant  and  Daguin| 
had  shown,  long  before,  that  lead  is  completely  precipitated  as 
peroxide  by  the  addition  of  sodium  acetate  and  chlorine  to  its 
solutions.  Fisher  found  that  two  atoms  of  chlorine  were  used 
(as  would  be  expected)  in  precipitating  one  atom  of  lead  as 
peroxide.  His  conclusion  that  his  experiments  showed  the 
existence  of  lead  tetrachloride  has,  apparently,  little  foundation. 

More  recently,  Ditte^  has  made  some  experiments  on  the 
solubility  of  lead  chloride  in  solutions  containing  hydrochloric 
acid  and  chlorine.  He  apparently  does  not  believe  in  the  exist- 
ence of  lead  tetrachloride,  for  he  does  not  mention  the  com- 
pound, while  he  explains  the  precipitation  of  lead  peroxide, 
when  such  solutions  are  diluted,  by  saying  that  lead  chloride 
is  partly  dissociated  by  the  act  of  solution,  that  the  solution 
then  contains  oxide  of  lead,  and  that  this  is  peroxidized  by  the 


*  Ann.  Chim.  Phys.,  IV,  x,  323. 

fJour.  pr.  Cli.,  II,  XX,  2r5,  1879 
Ann.  Mines,  V,  iv,  239,  1853. 


\  Am.  Chem.  Jour.,  xv,  10,  1893. 
^  Jour.  Chem.  Soc,  xxxv,  282,  1879. 
•jf  Ann.  Chim.  Phys.,  V,  xxii,  566,  1881, 
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oxides  of  chlorine  formed  when  chlorine  is  passed  into  the  solu- 
tion. 

Nikolukine  has  succeeded  in  isolating  double  salts  of  lead 
tetrachloride  with  ammonium  and  potassium  chlorides.  He 
showed  that  these  compounds  contain  lead  and  extra  chlorine  ^ 
in  the  proportion  required  for  PbCI^,  but  there  is  no  evidence 
in  the  abstracts  of  his  article*  that  he  determined  the  composi- 
tion of  the  double  salts.  His  original  article  in  Kussian  is  not 
accessible  to  me.  Nikolukine  prepared  the  compounds  by  dis- 
solving lead  dioxide  in  concentrated  hydrochloric  acid  in  sealed 
tubes,  and  adding  the  alkaline  chlorides  to  the  solutions  thus 
produced.  He  describes  the  double  salts  as  having  a  lemon- 
yellow  color,  and  states  that  they  are  pretty  stable,  the  ammo- 
nium chloride  compound  being  decomposed  at  120°. 

The  present  investigation  has  been  undertaken  with  the  view 
of  determining  the  composition  of  the  salts  which  Nikolakine 
discovered,  and  especially  in  order  to  investigate  the  corre- 
sponding rubidium  and  caesium  compounds,  which,  from  anal- 
ogy, were  expected  to  be  more  insoluble  and  stable  than  the 
potassium  salt.  As  a  result,  it  has  been  found  possible  to  pre- 
pare the  whole  series  in  a  state  of  purity,  and  the  expectations 
in  regard  to  the  easy  preparation  of  the  rubidium  and  caesium 
salts  have  been  fully  realized.  The  following  salts  are  to  be 
described : 

(NH,),PbCl, 

K,PbCI. 

Rb,PbCl, 

C8,PbCl. 

These  salts  are  all  yellow,  and  they  all  crystallize  in  the 
isometric  system  with  an  octahedral  habit. 

These  salts  show  a  new  relation  between  lead  and  other 
metals  of  Mendeleeff's  group  lY,  with  which  this  type  is  very 
common,  especially  among  the  double  fluorides.  It  is  to  be 
noticed  also  that  this  type  is  almost  invariable  among  the 
double  salts  which  tetrahalides  form,  for  platinum,  iridium, 
osmium    and    palladium   give    analogous,   isomorphous    com- 

?ounds,  while,  as  has  been  recently  shown  by  Dr.  H.  L. 
Wheeler  of  this  laboratory,  tellurium  gives  an  extensive  series 
of  octahedral  salts  of  this  type.  The  octahedral  form  of  the 
anhydrous  salts  of  this  type  is  very  characteristic,  and  it  seems 
to  be  universal,  except  among  the  fluorides. 

All  of  the  lead  salts  to  be  described  are  decomposed  by  water 
with  the  formation  of  lead  peroxide.  Chlorine  is  usually  set 
free  at  the  same  time.  It  may  be  assumed  that  two  successive 
reactions  take  place,  which  may  be  represented  by  the  follow- 
ing equations : 

*Berichte,  iviii,  370,  1885;  Jour.  Chem.  Soc,  1,  123. 
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(1)  PbCl.  +  2H,0  =  PbO,  +  4HCl 

(2)  PbO,  +  4liCl  =  PbCl,  +  CI,  +  2H,0 

The  extent  to  which  the  second  reaction  takes  place  depends 
upon  the  dilution  and  the  temperature.  If  the  amount  of 
water  present  is  not  too  great,  a  state  of  equilibrium  is 
reached  when  a  sufficient  amount  of  alkaline  chloride,  hydro- 
chloric acid  and  chlorine  have  gone  into  solution,  and  the  de- 
composition stops.  The  cfiBsium  salt  is  more  slowly  decom- 
posed by  water  than  others.  All  the  salts  are  decomposed  by 
boiling  with  an  excess  of  hydrochloric  acid,  but  the  decompo- 
sition of  the  ceesium  compound  is  remarkably  slow,  especially 
in  solutions  containing  much  csesium  chloride. 

When  free  chlorine  is  present  the  caesium  salt  is  almost  com- 
pletely insoluble  in  strong  solutions  of  caesium  chloride  and 
in  hydrochloric  acid.  Although  the  rubidium  salt  is  consider- 
ably more  soluble,  the  difference  is  not  great  enough  so  that  a 
?[uantitative  separation  can  be  made.  It  will  be  shown  in  the 
ollowing  article  that  caesium  can  be  approximately  separated 
from  potassium,  sodium  and  lithium  by  this  means,  and  that 
when  rubidium  is  also  present  the  csesinm  can  be  approxi- 
mately determined  indirectly. 

The  salts  to  be  described  can  be  washed  with  hydrochloric 
acid  containing  chlorine.  They  are  perfectly  stable  on  expos- 
ure to  the  air.  When  heated  in  capillary  tubes  the  ammonium 
salt  begins  to  whiten  at  about  225°,  the  potassium  salt  at  about 
190°  and  the  caesium  and  rubidium  salts  at  about  280°.  This 
temperature  for  the  decomposition  of  the  ammonium  salt  is 
about  100°  higher  than  that  given  by  Nikolukine.  It  is  prob- 
able that  difference  is  due  to  a  typographical  error. 

Attempts  were  made  to  prepare  corresponding  sodium  and 
calcium  salts,  without  success. 

In  analyzing  the  salts,  lead  was  separated  and  weighed  as 
sulphate,  and,  in  the  filtrate  from  this,  the  alkali-metal  was 
determined  as  sulphate.  To  determine  chlorine,  a  separate 
portion  was  decomposed  by  a  solution  of  sodium  arsenite  and 
chlorine  was  determined  in  this  as  usual. 

Ammonium' Flumhic  Chloride,  {J^  11^) ^PhCl^: — In  prepar- 
ing this  salt,  Nikolukine's  method  of  using  sealed  tubes  was 
found  to  be  unnecessary.  A  solution  of  lead  tetrachloride  was 
made  by  adding  slightly  diluted  hydrochloric  acid  to  an  excess 
of  lead  dioxide  at  0°.  This  solution  was  quickly  filtered 
through  asbestus,  and  a  saturated,  cold  solution  of  ammonium 
chloride  in  dilute  hydrochloric  acid  was  added  until  an  abund- 
ant, yellow,  crystalline  precipitate  was  produced.  The  salt  was 
pressed  on  paper,  and  then  air-dried. 
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Calculated  for 
Found.         (NH4)aPbCl«. 

Ammonium 7*90 

Lead 44-61  45-39 

Chlorine 46-63  45-71 

Potassium-Plumbic  Chloride^  K^PbCl^: — Chlorine  was 
passed  into  a  solution  saturated  with  potassium  chloride,  lead 
chloride  and  hydrochloric  acid  at  0°,  without  producing  the 
double  salt,  l^ikolnkine  has  stated  that  the  salt  is  soluble  in 
an  excess  of  potassium  chloride,  and,  acting  upon  this  sugges- 
tion, another  solution  was  made,  like  the  former  except  that 
no  potassium  chloride  was  used.  ^  On  mixing  about  equal  vol- 
umes of  the  two  solutions  and  letting  the  mixture  stand  at  0° 
for  several  hours,  a  well  crystallized  crop  of  the  yellow  double- 
salt  was  obtained.     The  air-dry  salt  was  analyzed. 

Calculated  for 
Found.  KaPbClg. 

Potassium 15-30  15-70 

Lead 41-91  41-55 

Chlorine 42-49  42-75 

99-70  10000 

Loss  on  heating 15-07  CI,     14-25 

The  above  method  of  preparation  gives  a  small  yield,  and  it 
would  probably  be  better  to  use  a  method  analogous  to  that  by 
which  the  ammonium  salt  was  prepared. 

Rubidiuiri'Plumhic  Chloride^  Eb^PbCl^: — When  65*  of 
rubidium  chloride  were  dissolved  in  250*^°  of  water  with  4*  of 
lead  chloride,  no  precipitate  was  produced  by  saturating  the 
solution  with  chlorine,  but,  on  adding  an  equal  volume  oi  con- 
centrated hydrochloric  acid  to  this  solution,  an  abundant,  yel- 
low, crystalline  precipitate  was  produced.  This  was  collected 
on  a  filter,  washed  with  hydrochloric  acid  containing  chlorine 
and  air-dried. 

Calculated  for 
Found.  RbaPbClg. 

Rubidium 28-62  28*93 

Lead 34-98  35-03 

Chlorine 35-85  36*03 

99-45  100-00 

Loss  on  heating 12-41  CI,     12-01 

A  solution  35*^^  in  volume,  made  of  equal  volumes  of 
concentrated  hydrochloric  acid  and  water,  and  containing 
•0619^  of  rubidium  and  double  the  theoretical  quantity  oi 
lead  chloride  was  saturated  with  chlorine.  A  precipitate  of 
the  double  salt  was  produced,  which,  after  standing  several 
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honrs  was  collected  npoo  a  Goocli  filter.  The  rubidium  in 
this  precipitate  was  determined  and  found  to  amonutto  -OSIS^. 
One  cubic  centimeter  of  the  solution  dissolved,  therefore,  003* 
of  the  lead  salt,  equivalent  to  00086*  of  rubidium.  The  ex- 
periment waB  made  at  about  20°. 

(JcBsmni^Plttmiio  Chloride,  C'g,PbOl,: — This  salt  is  very 
readily  prepared  by  passing  chlorine  into  solutions  containing 
lead  chloride  and  a  latge  excess  of  cEeslum  chloride.  Wiien 
hydrochloric  acid  is  present,  the  excess  of  ciesium  chloride  is 
unnecessary,  but  in  that  case  the  precipitate  is  very  finely 
divided.  The  precipitate  begins  to  form  in  solutions  that  are 
nearly  at  a  boiling  temperature.  A  crop  obtained  without  the 
use  of  hydrochloric  acid  was  analyzed.  It  was  washed  with 
hydrochloric  acid  containing  chlorine  and  air-dried. 

Calculated  for 
Found.  CfliPbCIJ. 

Ctesium 38-51  3878 

Lead 3005  30-17 

Chlorine 30-99  3105 

99-55  100-00 

LoHB  on  heating 10-96  CI,     I0'35 

The  salt  usually  has  a  lemon-yellow  color,  but,  when  very  strong 
hydrochloric  acid  ie  used  and  a  large  excess  of  lead  chloride  is 
present  the  precipitate  has  a  dark  brown  color.  Such  a  crop 
gave  the  following  analysis : 

Calculated  for 
Found.  Cs,PbCl,. 

Ctesium    38-19  38-78 

Lead 29  64  30'17 

Chlorine 31-35  31-06 

9918  100-00 

Loss  on  heating ll-o9  CI,     10-35 

This  is  evidently  the  same  compound  as  the  lemon-yellow  salt 
The  cause  of  the  brown  color  is  not  known.  The  presence  of 
lead  dioxide  in  it  does  not  seem  probable  on  account  of  the 
strong  acid  that  was  used,  and,  moreover,  experiment  showed 
that  this  oxide  was  instantly  dissolved 
by  the  mother-liquor.  It  was  suspected 
that  this  was  a  dimorphous  form  of  the 
compound,  but  Mr.  Louis  V.  Pirsson,  who 
has  kindly  made  a  microscopic  examina- 
tion of  both  products,  has  found  that 
both  are  isometric  and  octahedral  in 
habit.  He  noticed  that  while  the  yel- 
low salt  forms  perfect  octahedrons,  the 
brown   compound   occurs  in   octahedral 
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groups  composed  of  combinations  of  the  cube  and  octahedron. 
The  accompanying  figure,  by  Mr.  Pirsson,  shows  the  prevailing 
habit  of  these  crystals.  The  groups  are  very  Bmall,  usually  not 
over  0*0 16™°"  in  diameter. 

Sheffield  Scientific  School,  March,  1893. 


Art.  XXVII. —  On  a  Method  for  the  Quantitative  Determina- 
tion of  CoBsimn^  and  the  Preparation  of  Pure  Coesium,  and 
Ruhidium  Compounds  '^  by  H.  L.  Wells. 

Since  no  method  has  heretofore  been  devised  for  the  accu- 
rate quantitative  determination  of  caesium  in  the  presence  of 
both  rubidium  and  potassium,  some  experiments  have  been 
made  in  order  to  test  the  availability  of  the  plumbic  chloride, 
described  in  the  preceding  article,  for  this  purpose.  The 
results  have  not  been  as  accurate  as  could  be  desired,  but  the 
method  will  be  useful  until  a  better  one  is  found. 

The  solubility  of  Cs,PbCle  in  a  hydrochloric  acid  solution 
(fuming  acid  diluted  with  water  1 : 1),  containing  twice  the 
theoretical  amount  of  lead  chloride  and  saturated  with  chlorine, 
was  determined  by  making  a  precipitation  of  about  1^  of 
CSjPbCl.  under  these  conditions  in  350*^®  and  determining  the 
caesium  in  the  filtrate.  The  whole  filtrate  gave  0*0119^  of 
CSjSO^,  which  corresponds  to  a  solubility  of  0'0()0068«  of 
Cs,PbClg  in  1*^*^.  A  similar  experiment  in  which  concentrated 
hydrochloric  acid  was  used,  and  also  a  larger  excess  of  lead 
chloride,  gave  a  solubility  of  0-000049»  of  Cs.PbCl,  in  1<^.  It 
has  been  shown  in  the  preceding  article  that  the  solubility  of 
Kb^PbCl,  is  0003«  in  V"  under  similar  conditions. 

Some  actual  determinations  of  csesium  were  made  as  follows: 
Known  quantities  of  Cs^PbClg  and  about  an  equal  weight  of 
PbCl,  were  dissolved  in  hot  HCl  (1 : 1).  Chlorine  was  passed 
into  the  solutions  until  they  became  cold,  and,  after  standing 
about  three  hours,  the  precipitates  were  collected  in  porcelain 
Gooch  crucibles  and  washed  with  hydrochloric  acid  containing 
chlorine.  The  precipitates  were  decomposed  with  hot  water 
and  the  caesium  in  the  resulting  solutions  was  determined  as 
sulphate.  In  one  case  a  comparatively  large  amount  of  potas- 
sium chloride  was  present.     The  details  are  as  follows  : 


CSaPbClg 

taken. 

KCl 
taken. 

Volume 
1 :  1  HCl. 

CS2SO4 
found. 

Deficiency 
as  CsvSO*. 

A 

•1674S 



35^^ 

•0866 

•0026 

B 

•1592 

^  ^  «  ^ 

35 

•08(T7 

•0031 

C 

•1280 

0  5e 

35 

•0638 

•0036 
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These  results  indicate  greater  errors  than  were  expected  from 
the  previous  solubility  determinations.  It  is  suspected  that  a 
little  of  the  precipitate  was  dissolved  by  washing,  and  the  use 
of  hydrochloric  acid  containing  lead  chloride  as  well  as  chlorine 
would  probably  diminish  the  error.  The  last  experiment  shows 
that  the  presence  of  a  considerable  amount  of  potassium  has  no 
influence  upon  the  result. 

The  determination  of  caesium  by  this  method  can  be  simpli- 
fied by  weighing  the  precipitated  cffisium-plumbic  chloride 
directly.  The  salt  is  perfectly  stable  at  100°.  The  following 
table  gives  the  details  of  a  number  of  determinations  made  in 
this  way.  The  precipitates  were  all  thoroughly  washed  with 
hydrochloric  acid  containing  chlorine  and  dried  on  an  asbestus 
filter  at  100°. 

CsaPbOle       PbCla        KCl  Volume        CsaPhCU      CsaPbCle 


taken.- 

taken. 

takeD. 

HCl. 

found. 

lost. 

A 

•2761^ 

0-25« 

... 

28"  1  :  1 

•2650« 

•0111 

B 

•0878 

10 

0-5« 

52     1:1 

•0833 

•0035 

C 

•1202 

1^0 

w      *      * 

52     1:1 

•1071 

•0131 

D 

•7558 

0-1 

w    *     — 

28     cone. 

•7360 

•0189 

E 

•2483 

0-1 

20     cone. 

•2359 

•0124 

The  results  show  considerable  losses  in  caesium,  which  appa- 
rently do  not  entirely  depend  upon  the  volume  in  which  the 
precipitation  is  made.  It  is  believed  that  the  losses  occur 
chiefly  in  washing,  for  large  quantities  usually  show  a  larger 
total  loss  than  small  ones. 

When  cfiBsium  and  rubidium  are  together,  the  precipitation 
of  csesium  plumbic  chloride  is  accompanied  by  a  partial  pre- 
cipitation of  the  rubidium,  unless  the  quantity  of  the  latter  is 
small.  It  is  possible,  however,  to  make  an  indirect  determina- 
tion of  the  csesium  in  such  a  precipitate  by  weighing  it  and 
afterwards  determining  the  weight  of  the  caesium  and  rubidium 
sulphates.  Two  experiments  have  been  made  on  this  plan, 
where  not  only  rubidium,  but  also  potassium,  sodium  and 
lithium  were  present. 

A  B 

Cji^PbCI,  taken,  0-356ls  0^1545k 

Rb^PbCl.  taken,  0.2845  0-4101 

To  each  of  these  were  added  about  0*15^  each  of  potassium 
and  sodium  chlorides,  0'25^  of  lithium  carbonate  and  0^1 «  of 
lead  chloride.  The  substances  were  dissolved  by  boiling  with 
dilute  hydrochloric  acid,  about  an  equal  volume  of  concen- 
trated acid  was  added,  and  chlorine  was  passed  until  the  solu- 
tions became  cold. 

A  B 

Volume  of  solution,  30"  50" 
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After  standing  several  hours  the  precipitates  were  collected  on 
asbestiis  filters  in  porcelain  Gooch  crucibles,  washed  with  dilute 
hydrochloric  acid  saturated  with  chlorine,  dried  at  100°  and 
weighed. 

A  B 

Cs^PbCl.  and  Rb,PbCI^  found,        0-5621         0-4538 

The  precipitates  were  treated  on  the  filters  with  hot  water,  the 
resulting  solutions  were  evaporated  with  sulphuric  acid,  the 
lead  sulphate  was  removed  by  filtration,  the  filtrates  were 
evaporated  and  finally  ignited  in  an  ammoniacal  atmosphere 
and  the  mixed  sulphates  were  weighed. 

A  B 

Cs^SO,  and  Rb.SO,  found,  0-2826  0-2164 

For  calculating  the  results,  the  following  formulse  were  used : 

(P  =  weight  of  Cs,PhC],  +  Rb  PbCIJ 
(S  =  weight  of  Cs.SO, -f  Rb,SO J 
Weight  of  Cs  =:  5*0958  — 2-301P 
Weight  of  Rb  =  2-006P-3-801S 

A  B 

Caesium  taken 0-1381  0-0599 

Caesium  found 0-1464  0-0584 

Error  in  caesium 0-0083 -f  0-0015  — 

Rubidium  taken 0-0823  0-1186 

Rubidium  precipitated  ..     00534  0-0876 

The  results  show  that  approximate  determinations  of  caesium 
can  be  made  by  this  method  when  all  the  alkali-metals  are 
present.  The  process  leaves  a  part  of  the  rubidium  with  the 
potassium,  and  these  two  metals  can  be  precipitated  as  platinic 
chlorides  and  their  amounts  determined  indirectly. 

The  method  which  has  been  described  is  useful  for  the  ex- 
traction of  caesium  and  rubidium  from  their  natural  sources. 
The  following  method  of  procedure  may  be  suggested,  suppos- 
ing all  the  alkali-metals  to  be  present  as  chlorides  in  a  concen- 
trated aqueous  solution : 

At  least  an  equal  volume  of  concentrated  hydrochloric  acid 
is  added,  and  any  precipitated  sodium  and  potassium  chlorides 
are  removed.  The  solution  is  diluted  somewhat  to  avoid  a 
subsequent  precipitation  of  these  chlorides,  a  solution  of  lead 
chloride,  made  by  boiling  lead  oxide  with  a  large  excess  of 
hydrochloric  acid,  is  gradually  added  while  chlorine  is  passed 
into  the  solution  until  it  is  cold  and  until  fresh  additions  of 
lead  chloride  fail  to  produce  a  yellow  precipitate.  According 
to  my  solubility  determinations,  this  precipitation  leaves  less 
than  1^  of  rubidium  and  a  much  smaller  quantity  of  caesium  in 
each  liter  of  the  solution.     The  precipitate  is  usually  almost 
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free  from  potassium.  To  ensure  the  complete  purification  of 
the  caesium  and  rubidium,  the  precipitate  is  washed  with 
hydrochloric  acid  containing  chlorine  and  lead  chloride,  then 
it  is  treated  repeatedly  with  small  quantities  of  boiling  water 
until  completely  decomposed,  and  the  resulting  solution  is  sub- 
jected to  a  repetition  of  the  foregoing  process.  The  mixed 
plumbic  salts  are  decomposed  with  not  water  and  tlie  resulting, 
filtered  solution  is  evaporated  to  dryness  to  remove  hydrochloric 
acid.  The  residue  is  dissolved  in  hot  water,*  the  lead  is  precip- 
itated by  the  addition  of  a  slight  excess  of  ammonium  sulphide 
and  the  precipitate  is  removed  by  filtration.  The  solution  is 
evaporated  to  dryness  and  the  residue  consists  of  csesium  and 
rubidium  chlorides  and  some  ammonium  chloride. 

The  following  directions  for  the  separation  and  purification 
of  the  ceesium  and  rubidium  do  not  involve  any  new  methods, 
but  the  course  of  procedure  has  been  arrived  at  after  a  consid- 
erable amount  of  experience,  and  it  may  be  of  use  to  others. 
It  is  assumed  that  rubidium  is  more  abundant  than  caesium  in 
the  mixture.  If  caesium  predominated  it  would  be  more  ad- 
vantageous to  extract  that  metal  first  by  an  obvious  modifica- 
tion of  the  process. 

The  mixed  chlorides  of  rubidium  and  caesium  are  dissolved 
in  at  least  five  parts  of  concentrated  nitric  acid  and  the  solution 
is  evaporated  to  dryness  and  heated  until  the  excess  of  nitric 
acid  is  removed.  The  residue  is  dissolved  in  a  small  amount 
of  water,  and  as  much  oxalic  acid  as  corresponds  to  twice  the 
weight  of  the  original  chlorides  is  added.  The  whole  is  evap- 
orated to  dryness  and  the  residue  is  ignited  in  platinum  until 
the  oxalates  are  completely  converted  into  carbonates.f  The 
carbonates  are  dissolved  in  water,  the  solution  is  filtered  and 
exactly  neutralized  with  a  measured  solution  of  tartaric  acid, 
as  much  more  tartaric  acid  as  has  been  used  for  the  neutraliza- 
tion is  added,  and  the  solution  is  evaporated  until  it  becomes 
saturated  while  hot.  The  solution  on  cooling  deposits  acid 
rubidium  tartrate,  which  is  washed  with  a  small  quantity 
of  water  and  is  reci*ystallized  two  or  three  times  from  a  hot 
saturated  solution  in  the  same  way  until  it  gives  no  caesium 
spectrum.:]:  The  united  mother-liquors  from  the  acid  rubidium 
tartrate  are  evaporated  to  dryness  and  ignited  in  platinum. 
The  resulting  carbonates  are  converted  into  chlorides,  and,  to 
a  solution  of  these  in  a  small  volume  of  1 : 1  hydrochloric 
acid,  a  solution  of  antimony  trichloride  in  the  same  acid  is 

*  No  part  of  this  residue  should  be  thrown  away  on  the  assumption  that  it  is 
lead  chloride,  for  the  salt  CsPbaCU  is  difficultly  soluble  and  resembles  PbCla- 

t  This  method  of  converting  alkaline  chlorides  into  carbonates  is  due  to  J.  L. 
Smith,  this  Journal,  II,  xvi,  373. 

X  This  method  is  due  to  0.  D.  Allen,  this  Journal,  II,  xxxiv,  367. 
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added  as  lonff  as  a  precipitate  forms.*  The  precipitate  is  col- 
lected on  a  filter  and  washed  with  hydrochloric  acid.  To  re- 
move traces  of  rubidium,  the  precipitate  is  thoroughly  decom- 
Eosed  with  successive,  small  quantities  of  hot  water,  then 
ydrochloric  acid  and  a  little  antimony  trichloride  are  added 
to  the  whole  in  order  to  repeat  the  precipitation.  The  last 
precipitate  is  washed  with  hydrochloric  acid.  It  usuUy  shows 
no  rubidium  when  tested  with  the  spectroscope.  The  caesium 
antimony  chloride  is  decomposed  witn  hot  water  and  hydrogen 
sulphide  is  passed  into  the  resulting  solution.  The  filtrate 
from  the  antimony  sulphide  gives,  on  evaporation,  pure  caesium 
chloride.  The  filtrates  from  the  antimony  double  salt  are 
freed  from  antimony,  evaporated  to  dryness  and  the  mixture 
of  caesium  and  rubidium  chlorides,  whicn  should  be  very  small 
in  amount,  is  preserved  for  use  in  subsequent  purifications. 

Sheffield  Scientific  School,  April,  1893. 


Art.  XXVIII. — On  some  Peculiar   Halides  of  Potassium 

and  Lead  /  by  H.  L.  Wells. 

In  a  preceding  article  I  have  described  a  series  of  double 
chlorides  of  the  type  MaPbCl.,  where  M  is  NH^,  K,  Rb  and 
Cs.  It  has  seemed  desirable  to  extend  the  investigation  by 
attempting  to  prepare  bromides  and  iodides  corresponding  to 
these  salts.  A  thorough  search  has  been  made,  using  the  metals 
of  the  potassium  group  and  sodium,  with  the  result  that  no 
double  bromides  or  iodides  containing  extra  halogen  could  be 
prepared  except  in  the  case  of  potassium.  It  is  remarkable 
that  the  potassium-lead  bromide  and  iodide  which  have  been 
discovered  do  not  correspond  in  composition  to  the  chlorides. 
The  failure  to  prepare  double  salts  of  rubidium  and  caesium 
corresponding  to  the  new  potassium  compounds  was  unex- 
pected, for,  as  a  general  rule,  the  insolubility  and  stability  and 
the  consequent  ease  of  preparation  of  such  compounds  become 
greater  from  potassium  towards  caesium.  The  explanation  of 
the  anomaly  probably  lies  in  the  fact  that  extremely  concen- 
trated rubidium  and  caesium  solutions  containing  a  lead  halide 
and  the  corresponding  halogen  cannot  be  obtained,  in  the  case 
of  the  bromides  and  iodides,  on  account  of  the  slight  solubil- 
ity of  caesium  triiodide,  and  of  the  double  halides  which  are 
formed  with  FbBrj  and  Pblj. 

The  compounds  to  be  described  probably  have  the  composi- 
tion represented  by  the  following  formulae : 

*  Method  of  Godeffroy,  Berichte,  vii,  375. 
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K,PbJ,.4H0 
K.Pb,Br3.4H,0 

These  formute  may  be  also  written, 

3KL2PbI,.I.4H,0  and  3KBr.2PbBr,.Br.4H,0. 

The  composition  of  these  salts  is  very  remarkable  on  account 
of  the  small  amount  of  the  extra  halogen  that  they  contain. 
They  apparently  do  not  correspond  to  any  other  chemical  com- 
pound that  is  known. 

TJie  Iodide^  K^PhJ^AHfi:  —  This  salt  forms  brilliant, 
black,  prismatic  crystals,  sometimes  a  centimeter  or  two 
in  length  and  three  or  four  millimeters  in  diameter.  Although 
the  crystals  have  fine  prismatic  faces,  they  never  appear  to 
have  definite  terminations.  The  ends  usually  appear  fibrous, 
as  though  made  up  of  numerous  small  crystals  in  parallel  posi- 
tion, when  the  crystals  are  crushed  on  paper  it  is  evident 
that  they  enclose  much  mother-liquor.  The  salt  is  deposited 
from  nearly  or  quite  saturated  solutions  of  potassium  iodide 
containing  lead  iodide  and  iodine.  It  is  deposited  at  ordinary 
temperature,  usually  slowly,  after  the  lapse  of  several  hours  or 
even  after  several  days.  In  preparing  the  compound,  the  lead 
iodide  and  the  iodine  can  be  varied  considerably,  but  it  is 
formed  only  in  very  concentrated  potassium  iodide  solutions 
and  it  is  difficult  to ,  obtain  crops  of  it  which  are  not  evidentlv 
contaminated  with  this  salt  in  the  form  of  crystals.  The  salt 
is  stable  in  the  air  but  it  is  instantly  decomposed  by  water  or 
alcohol,  so  that  it  cannot  be  washed. 

Six  separate  crops  have  been  analyzed,  and  great  care  has 
been  used  in  selecting  them  and  in  drying  them  on  paper  for 
analysis.  In  two  cases  the  product  was  rapidly  and  finely  pul- 
verized during  the  drying  operation,  but  without  any  effect 
upon  its  composition.  The  results  of  the  six  analyses  agree 
with  remarkable  closeness,  but  in  spite  of  this  fact  it  must  be 
assumed,  from  considerations  which  will  be  given  subsequently, 
that  all  these  products  were  seriously  contaminated  with  potas- 
sium iodide.  The  fibrous  nature  of  the  crystals  and  the  con- 
centration of  the  mother-liquor  make  the  possibility  of  such  a 
contamination  very  evident,  but  the  constancy  of  this  contam- 
ination, as  indicated  by  the  uniformity  of  the  analyses,  is  very 
remarkable  in  view  of  the  fact  that  some  of  the  products  were 
made  at  wide  intervals  of  time,  covering  a  period  of  about  six 
months,  so  that  there  were  considerable  variations  in  the  labo- 
ratory temperature. 

The  products  were  made  under  the  following  conditions : 
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KT 

Pbl, 

I 

Volume. 

A 

4506f 

30« 

15« 

? 

B 

425 

3(k 
40^ 

50 

450<^« 

C 

445 

I 

70 

470 

D 

445 

40 

100 

470 

E 

445 

40 

150 

460 

F 

200 

15 

15 

200 

gave  the  following  results 

on  analysis: 

K 

Pb 

I 

HaO 

A 

9-31 

22-03 

64-00 

4-69 

=  100-03 

B 

9-25 

22-30 

•  •  —  • 

4-81 

C 

9-07 

22-03 

63-98 

4-89 

=    99-97 

D 

9-21 

21-98 

64-09 

4-71 

—    99-99 

E 

9-20 

22-i3 

64-17 

•  —  —  • 

F 

9-27 

22-02 

63-84 

In  these  analyses  and  those  which  follow,  water  was  deter- 
mined by  weighing  it  directly  in  a  calcium  chloride  tube.  The 
other  determinations  were  made  according  to  the  methods 
mentioned  in  the  preceding  article  on  the  double  salts  of  lead 
tetra-chloride. 

The  above  analyses  correspond  closely  to  the  formula 
K^PbJ^.lOHaOj  but  it  will  be  shown  beyond  that  the  proba- 
ble formula  of  the  pure  compound  is  K3Pb,l8.4H^O.  This 
requires  K=7-25,  Pb=25-56,  1=6274  and  H,0=4-45.  If 
this  is  the  true  composition,  it  must  be  assumed  that  all  of  the 
analyzed  products  were  contaminated  with  about  16*5  per  cent 
of  potassium  iodide,  and  that  an  excess  of  water  was  present, 
possibly  on  account  of  the  hygroscopic  properties  of  that  salt 

It  is  to  be  noticed  that  the  products  were  prepared  under  great 
variations  in  the  amount  of  iodine  present,  and  it  can  be  safely 
assumed,  from  the  care  with  which  the  products  were  examined, 
that  they  were  not  contaminated  with  the  salt  KPbI,.2H,0  nor 
any  similar  compound.  The  amount  of  lead  iodide  in  the  solu- 
tions was  comparatively  small,  and  a  large  part  of  it  was  used 
in  forming  the  salt  under  consideration,  so  that  any  contamina- 
tion must  have  been  chiefly  potassium  iodide.  It  is  therefore 
evident,  since  the  salt  is  not  decomposed  on  exposure,  and 
since  the  analyses  show  a  constant  amount  of  extra  iodine  in 
spite  of  the  variations  of  this  ingredient  in  the  solutions,  that 
the  analyses  must  show  the  true  ratio  between  the  lead  iodide 
and  the  extra  iodine  in  the  pure  compound.  This  ratio  Is 
2PbI,:I  in  both  K.Pb J,,  and  K,PbJ«. 

The  Bromide^  K^Ph^Br^AII^O : — This  compound  forms 
dark  brown,  prismatic  crystals  which  are  solid  and  definitely 
terminated,  so  that  they  do  not  have  the  tendency  to  hold  in- 
closed mother-liquor  which  the  iodide  has.     The  salt  is  easily 
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prepared  and  it  crystallizes  well,  but  it  is  extremely  unstable. 
When  exposed  to  the  air  it  begins  to  whiten  almost  instantly, 
giving  off  bromine.  It  is  stable,  however,  in  air  containing  a 
considerable  amount  of  bromine  vapor,  so  that  it  can  be  dried 
by  pressing  on  paper  in  such  an  atmosphere.  It  is  sufficiently 
stable,  when  corked  up  in  a  weighing-tube,  to  be  rapidly 
weighed  in  a  cold  room  without  serious  decomposition. 

Three  crops  of  the  double  bromide  were  analyzed.  A  and 
B  were  made,  in  each  case,  by  adding  20*^^  of  bromine  to  400*^° 
of  a  cold  solution  which  was  saturated  with  potassium  bromide 
and  lead  bromide  and  allowing  the  mixture  to  stand  over  night. 
O  was  made  like  the  other  crops,  except  that  30^^  of  bromine 
^ere  used. 


Found. 

Calculated  for 

A 

B 

C 

KsPbaBre.4HaO 

Potassium 

1033 

10-41 

10-24 

9-43 

Lead 

32-05 

31-90 

32-49 

33-30 

Bromine 

51-96 

52-15 

52-05 

51-48 

Water 

-  —  - " 

5-59 

5-28 

5-79 

100-05 

100-06 

100-00 

The  analyses  agree  with  the  formula  as  well  as  could  be  ex- 
pected, considering  the  instability  pf  the  compound.  The 
analyses  show  almost  exactly  one  atom  of  extra  bromine  for 
two  atoms  of  lead,  so  that  the  compound  is  closely  related  to 
the  iodide  if  not  exactly  analogous  to  it. 

The  satisfactory  crystals  of  the  bromide  and  the  stability  of 
the  iodide  suggested  the  possibility  that,  if  the  two  compounds 
were  really  analogous  as  suspected,  isomorphous  mixtures  of 
the  two  could  be  made  which  would  retain  the  desirable  quali- 
ties of  both,  so  as  to  be  solidly  crystallized  and  stable  enough 
to  be  accurately  analyzed.  Experiments  showed  that  isomor- 
phous mixtures  could  be  readily  obtained  which  crystallized 
satisfactorily,  and  it  was  found  that  even  small  amounts  of 
iodine  had  the  effect  of  greatly  increasing  the  stability  of  the 
compound.  It  was  noticed  that  when  a  product  was  made  from 
a  solution  containing  free  bromine  and  iodine  in  nearly  atomic 
proportions  (BrI),  an  almost  perfectly  stable,  bright  red  salt 
was  obtained.  The  color  of  this  salt  is  far  from  being  inter- 
mediate between  that  of  the  black  iodide  and  the  dark  brown 
bromide,  but,  since  the  analyzed  products  contain  about  23 
atoms  of  bromine  to  one  of  iodine,  it  does  not  seem  probable 
that  any  definite  relation  between  the  two  halogens  exists.  It 
is  remarkable  that  such  a  small  proportion  of  iodine  should 
have  so  great  an  influence  upon  the  color  and  stability  of  the 
product,  but  it  is  to  be  noticed  that  only  one  eighth  of  the 

Am.  Joub.  Sol— Third  Series,  Yol.  XLY,  No.  273.— Sept.»  1893, 
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halogens  in  these  compounds  is  in  excess,  so  that,  if  all  the 
iodine  is  in  this  condition  it  amounts  to  about  one-third  of  this 
excess. 

The  crops  A  and  B  had  a  dark  bronze  color.  They  were 
successive  crops  made  by  adding  bromine  to  a  strong  solution 
of  potassium  iodide  containing  lead  iodide.  The  exact  condi- 
tions are  unknown,  but  it  is  probable  that  insufficient  bromine 
was  used  to  set  free  all  the  iodine  which  the  solution  contained. 
These  products  were  apparently  as  stable  as  the  iodide. 

C  and  D  were  successive  crops  made  by  continuing  the  addi- 
tion of  bromine  to  a  somewhat  similar  solution  until  a  change 
of  color  showed  that  the  free  iodine  had  been  converted  into 
BrI.  These  salts  were  red.  An  analysis  of  the  mother-liquor 
from  D  gave,  KBr  =  31-3,  PbBr,  =  l-8,  Br  =  6*7,  1  =  8-8, 
H,0  (difference)  =  51-9. 

E  was  made  by  adding  31^  of  bromine  to  430^  of  the  above- 
mentioned,  analyzed  solution.  This  crop  was  also  red,  but  it 
was  not  quite  as  bright  in  color  and  not  as  stable  as  the  others. 
On  continuing  the  addition  of  bromine,  still  less  stable  crops 
were  obtained  which  approached  the  pure  bromide  in  color. 
These  were  not  analyzed. 

The  analyses  of  the  five  crops  are  as  follows : 


K 

Pb 

Br 

I 

HaO 

A 

9-41 

31-57 

41-40 

12-06 

5-09  =     99-53 

B 

9-24 

31-55 

39-27 

14-57 

«  ^  w  w 

C 

9-90 

.32-88 

48-66 

3-40 

5-24  =  100-08 

D 

9-99 

32-74 

48-70 

3-30 

5-02  =:    99-75 

E 

10-24 

32-26 

49-97 

2-07 



he 

ratios  calculated  from  the  above  analyses  are  as  f oll< 

K          : 

Pb          ; 

Br  +  I 

:         HaO 

A 

1-57 

3*99 

1-83 

B 

1-55 

3-99 

•  i.  •  • 

C 

1-59 

4-00 

1-82 

D 

1-61 

4-00 

1-76 

E 

1-68 

4-16 



The  ratio  required  for  the  formula  K,Pb,(Br,I)8.4H,0  is, 

K  :  Pb        :        Br  +  I       :        HaO 

1-50  1-  4-  2- 

The  analyses  agree  well  with  this  formula,  except  that  the 
water  is  somewhat  low.  Although  3^  molecules  of  water  would 
correspond  more  closely  to  these  analyses  than  4,-  the  latter 
number  is  considered  more  probable  on  account  of  the  fact  that 
the  analyses  of  the  iodide  show  some  excess  over  four  mole- 
cules. 
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It  is  to  be  seen  that  these  mixed  salts  correspond  in  compo- 
sition to  the  bromide.  The  analogous  mode  of  formation  of 
the  iodide,  the  identical  relation  of  the  lead  to  the  extra  halo- 
gen in  the  iodide  and  the  other  prodacts,  as  well  as  the  exist- 
ence of  these  mixed  salts,  make  it  appear  certain  that  the 
analyzed  iodide  was  invariably  impure  and  that  the  pure  com- 
pound should  be  considered  as  analogous  to  the  other  salts. 
This  view  has  been  confirmed  by  a  crystal lographic  examina- 
tion of  the  iodide  and  the  red  bromo-iodide,  which  Prof.  S.  L. 
Penfield  has  kindly  undertaken.  He  has  found  that  both 
these  salts  crystallize  in  prisms  of  the  tetragonal  system. 
Unfortunately  the  crystals  of  the  iodide  were  without  termina- 
tions, so  that  a  more  detailed  comparison  of  the  two  salts 
could  not  be  made. 

The  nature  of  these  peculiar  salts  is  not  clear.  If  they  are, 
strictly,  hydrous  "  double  salts,"  such  higher  halides  as  Pb,I,  or 
K,I^  must  be  assumed.  If  they  are  formed  from  such  com- 
pounds as  Pbl^  or  KI„  they  must  be  considered  as  hydrous 
triple  salts. 

Sheffield  Scientific  School,  April,  1893. 


Art.  XXIX. — On  the  Oscillations  of  Lightning  discharges 
and  of  ihe  Aurora  Borealis ;  by  John  Trowbridge. 
(With  Plate  IV.) 

It  is  well  known  that  when  air  is  subjected  to  a  sudden 
strain  at  the  moment  of  an  electrical  discharge  it  acts  like 
glass  or  a  similar  elastic  solid  and  is  cracked  in  zigzag  fissures  : 
indeed  the  resemblance  between  the  ramifications  of  lightning 
and  the  seams  produced  in  plates  of  glass  by  pressure  has  been 
commented  upon  by  various  observers.  Photographs  of  power- 
ful electric  sparks  lead  one  to  conclude  that  a  discharge  of 
lightning  makes  way  for  its  oscillations  by  first  breaking  down 
the  resistance  of  the  air  by  means  of  a  disruptive  pilot  spark ; 
through  the  hole  thus  made  in  the  air  the  subsequent  surgings 
or  oscillations  take  place. 

In  examining  the  early  photographs  of  electric  sparks  by 
Feddersen  one  perceives  indications  that  the  electric  oscillations 
tend  to  follow  for  at  least  some  hundred  thousandths  of  a 
second  the  path  made  by  the  pilot  spark ;  and  there  are  ob- 
servers who  believe  that  by  rapidly  moving  a  camera  they 
have  obtained  evidence  that  successive  discharges  of  lightning 
follow  the  same  path.  Professor  Lodge  has  protested,  with 
reason,  against  the  conclusions  drawn  from  the  method  of 
"  waggling "  the  head  or  camera :  for  the  movement  of  the 
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head  or  camera  certainly  requires  the  hundredth  of  a  second 
while  the  discharge  of  lightning  is  over  in  less  than  one  hun- 
dred thousandth  of  a  second. 

The  method  of  the  photography  of  electrical  discharges  by 
means  of  a  revolving  mirror  seems  to  be  the  best  method  of 
studying  the  behavior  of  air  suddenly  subjected  to  the  electric 
strain.  I  have  therefore  examined  this  behavior  with  more 
powerful  means  than  those  employed  by  previous  observers; 
and  it  may  be  well  to  recall  here  the  fact  that  usually  in  light- 
ning discharges,  high  electromotive  force  and  great  quantity 
are  frequently  combined  in  a  very  short  interval  of  time. 
The  modern  alternating  machine  and  the  device  of  the  trans- 
former enables  one  to  study  the  character  of  lightning  more 
successfully  than  is  possible  by  means  of  an  electrical  ma- 
chine :  for  both  the  electromotive  force  of  the  discharge  and 
its  quantity  can  be  adjusted  over  a  wide  range.  In  my  study 
of  this  subject  I  employed  an  alternating  machine  giving  from 
three  hundred  to  four  hundred  alternations  per  second,  with 
a  current  from  fifteen  to  twenty  amperes,  and  the  photographic 
apparatus  was  the  same  as  that  which  was  used  in  my  investiga- 
tion on  the  damping  of  electrical  oscillations  on  iron  wires.* 
By  means  of  a  step-up  transformer  and  an  oil  condenser,  dis- 
charges of  high  electromotive  force  and  great  quantity  could 
be  readily  obtained.  The  method  of  tne  excitation  of  a 
Kuhmkorf-  coil  or  transformer  by  means  of  an  alternating 
dynamo,  due  originally  to  Spottiswode,  has  placed  in  the  hands 
of  the  experimenter,  as  I  have  said,  powerful  means  of  studying 
electrical  discharges. 

Since  my  object  was  to  study  the  photographs  of  sparks 
having  both  great  electromotive  force  and  great  quantity  I 
limited  myself  to  discharges  of  about  two  centimeters.  By 
the  device  of  an  air  blast  and  other  contrivances  for  obtaining 
a  quick  break  in  the  continuity  of  the  electrical  discharges, 
Professor  Elihu  Thompson  has  shown  how  sparks  of  many 
feet  in  length  can  be  obtained.  Figures  1  and  2  are  repro- 
ductions from  untouched  negatives  not  enlarged,  and  ten  to 
twelve  oscillations  can  be  counted  on  each  photograph.  The 
interval  between  the  oscillations  is  about  one  hundred  thou- 
sandth of  a  second;  and  it  will  be  noticed  that  the  electrical 
discharge  follows  exactly  the  same  path  in  the  air  for  three 
hundred  thousandths  of  a  second.  During  this  length  of  time 
every  sinuosity  in  the  air  path  is  exactly  reproduced.  I  em- 
ployed terminals  of  tin  ;  and  on  figure  1  it  will  be  noticed  that 
a  mass  of  melted  and  vaporized  tin  remained  suspended  in  the 
air  for  at  least  three  hundred  thousandths  of  a  second  before 
it  was  dissipated  in  a  comet-like  tail.    During  the  three  hun- 

*  Phil.  Mag.,  Dec,  1891. 
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dred  thousandth  of  a  second,  therefore,  the  air  remained  passive 
while  the  electrical  oscillations  took  place.  During  this  time 
it  is  fair  to  conclude  that  the  beat  produced  by  the  passage  of 
the  spark  was  not  sensibly  conducted  away.  If  conduction  of 
heat  had  taken  place  the  electrical  resistance  of  the  air  path 
would  hare  been  sensibly  altered  and  the  path  of  the  dis- 
charge would  bave  changed  in  form.  Here  I  think  we  have 
an  interesting  limit  to  the  time  it  takes  atmospheric  air  to  re- 
spond to  the  phenomenon  of  heat  conduction. 

I  have  said  that  the  discharges  I  employed  were  powerful 
both  in  regard  to  electromotive  force  and  to  quantity.  Iron 
terminals  one-quarter  of  an  inch  in  diameter  were  raised  to  a 
white  heat  by  the  continuous  passage  of  the  sparks  and  globules 
of  the  melted  metal  were  formed.  When  the  sparks  were 
passed  through  the  secondary  of  a  transformer  of  about  thirty 
seccohms  of  self  induction,  three  fifty-volt  Edison  lamps 
placed  in  multiple  in  the  primary  of  the  transformer,  which 
consisted  of  merely  two  layers  of  thick  wire,  were  lighted  to 
full  incandescence.  The  spark  from  two  large  glass  con- 
densers of  5000  electrostatic  units  each,  excited  oy  an  electri- 
cal machine,  passed  through  the  same  step-down  transformer 
barely  raised  a  six- volt  lamp  to  a  red  heat.  The  study  of  the 
efficiency  of  step-down  transformers  in  thus  transforming 
transient  currents  of  high  potential  to  transient  currents  of 
low  potential  and  comparatively  large  current  enables  one  to 
obtain  an  estimate  of  the  high  potential  of  lightning  and  of 
the  current  which  accompanies  its  fall  of  potential.  Thus  if 
C  denotes  the  current  in  the  lightning  discharge  and  E  the 
electromotive  force,  C  and  E'  the  corresponding  quantities 
in  circuit  of  the  primary  of  the  step-down  transformer  and  A 
the  efficiency  of  the  transformer  we  shall  have 

C'E'  =  ACE 

The  element  of  time  and  the  mode  of  transformation  must 
be  considered  in  any  estimate  of  the  amount  of  energy  in 
lightning  discharges.  Although  a  powerful  spark  of  electricity 
from  two  Leyden  jars  each  of  5000  electrostatic  units  is  incapa- 
ble of  decomposing  water  directly ;  yet  by  its  passage  through 
the  secondary  of  a  suitable  step-down  transformer  it  can  decora- 
pose  the  water  in  the  primaiy  with  great  evolution  of  gases,  and 
it  is  probable  that  an  ordinary  discharge  of  lightning  of  a  few 
hundred  feet  in  length  could  light,  for  an  instant,  many  thou- 
sand incandescent  lamps  if  it  were  properly  transformed  by 
means  of  a  step-down  transformer.  Indeed  the  ringing  of 
electrical  bells  and  the  melting  of  electrical  fuses  are  of  com- 
mon occurrence  during  thunder  storms  and  manifest  the 
energy  of  lightning  discharges.     During  a  recent  visit  at  a 
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summer  hotel  which  was  lighted  by  incandescent  lamps,  I  was 
much  interested  to  observe  that  the  lamps  blinked  at  every 
discharge  of  lightning,  although  the  interval  which  elapsed 
between  the  blinking  and  the  peals  of  thunder  showed  that 
the  storm  was  somewhat  remote.  This  effect  was  doubtless 
due  to  induction  produced  by  the  surging  of  the  lightning  dis- 
charges. On  the  occasion  of  a  heavy  discharge  the  lights  were 
completely  extinguished,  although  no  fuse  was  burned.  My 
observation  of  this  effect  of  lightning  upon  electric  light  cir- 
cuits also  leads  me  to  believe  that  the  system  of  carrying  elec- 
tric light  wires  along  gas  fixtures  where  both  gas  fixtures  and 
electric  light  fixtures  are  combined  is  fraught  with  great 
danger.  If  there  is  a  leakage  of  gas  at  the  joints  of  the  gas 
pipes  or  through  a  sand  hole  in  the  casting  oi*  the  pipes  elec- 
tric sparks  arising  through  resonance  effects  or  from  ordinary 
passage  to  earth  of  an  electric  charge  brought  into  the  build- 
ing by  the  electric  wires  can  ignite  the  escaping  gas  and  pro- 
duce a  mysterious  conflagration.  Such  a  conflagration  was 
averted  in  the  hotel  in  which  1  noticed  the  blinking  of  the 
lamps  only  by  the  careful  scrutiny  of  an  attendant  who  no 
ticed  a  jet  of  gas  from  a  pin  hole  in  the  gas  fixtures  imping- 
ing on  the  wood  work.  During  the  storm  a  minute  electric 
spark  had  ignited  the  escaping  gas.  Electric  light  wires  and 
gas  pipes  should  never  be  contiguous  ;  for  no  lightning  guard 
or  protector  can  ensure  that  minute  sparks,  due  in  some  cases 
to  resonance  effects,  may  not  arise. 

The  study  of  the  disruptive  or  oscillatory  discharge  of  light- 
ning is  closely  connected  with  that  of  the  brush  discharge  and 
that  of  the  phenomenon  of  the  Aurora  Borealis  ;  for  the  disrup- 
tive discharge  if  it  is  an  oscillatory  discharge  ceases  to  be  disrup- 
tive after  a  few  hundred  thousandths  of  a  second,  as  figures  1 
and  2  show,  and  partakes  of  the  nature  of  a  brush  discharge. 
The  zigzag  fissures  in  the  air  disappear  and  only  the  spark 
terminals  glow.  Recent  experimenters  have  exhibited,  as  a 
marvel,  the  lighting  of  a  vacuum  tube  through  the  human 
body  by  grasping  one  terminal  of  a  suitable  transformer  with 
one  hand  and  by  holding  the  vacuum  tube  in  the  other  hand. 
It  must  be  remembered,  however,  that  the  lines  of  force  pro- 
ceed from  the  hand  which  holds  the  vacuum  tube  through  the 
air  and  the  walls  or  floor  of  the  room  to  the  other  terminal  of 
the  transformer.  We  can  change  this  brush  discharge  or 
luminosity  at*  either  terminal  of  a  transformer  into  a  disrup- 
tive discharge  by  lessening  the  distance  between  the  terminals 
or  by  increasing  the  electromotive  force. 

I  am  fully  aware  that  the  oscillatory  discharge  of  lightning 
with  its  disruptive  effects  I  have  noted — its  permanence  oi 
path  and  the  fading  of  the.  disruptive  discharge  into  the  brush 
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discharge  or  mere  luminosity  at  either  of  the  spark  terminals, 
is  a  far  simpler  phenomenon  than  the  luminosity  produced  in 
rarefied  tubes ;  for  in  the  latter  phenomenon  we  have  the  dis- 
sociation and  impact  of  molecules,  and  we  must  consider  all 
the  problems  of  atomic  motion  in  addition  to  those  of  the 
oscillatory  nature  of  electrical  waves.  It  is  not  my  purpose 
to  enter  into  a  consideration  of  the  molecular  movements  in- 
volved in  oscillatory  discharges  in  vacuum  tubes ;  but  having 
discussed  some  of  the  general  features  of  discharges  of  elec- 
tricity in  air  at  the  ordinary  pressure  I  shall  endeavor  to  trace 
the  connection  between  such  discharges  and  the  phenomenon 
of  the  Aurora  Borealis.  To  my  mind  the  luminosity  in  a 
vacuum  tube  held  in  one  hand  while  the  other  hand  grasps  the 
terminal  of  a  Kuhmkorf  coil,  closely  represents  the  phenome- 
non of  the  northern  light,  for  we  have  in  this  case  a  discharge- 
of  electricity  from  a  higher  level  to  a  lower  through  a  rarified 
medium.  Although  in  this  paper  I  restrict  myself  to  a  discus 
sion  of  the  general  relations  between  discharges  of  lightning 
and  the  phenomenon  of  the  Aurora  Borealis,  and  do  not  enter 
into  a  study  of  the  molecular  movements  excited  by  electrical 
discharges,  I  am  impelled  to  devote  a  few  words  to  the  sub- 
ject of  the  stratified  discharge  and  to  show  that  it  has  no  con- 
nection with  the  oscillatory  discharge  of  electricity  such  as  we 
are  considering.  The  distances  between  the  stratifications  do 
not  seem  to  be  changed  by  modifying  the  period  of  forced  oscilla- 
tion given  to  the  transformer  over  a  wide  range.  I  have  pro- 
duced the  stratifications  by  employing  an  interrupter  of  a 
Kuhmkorf  coil  giving  from  sixty  to  one  hundred  vibrations 
per  second,  and  by  the  use  of  two  alternating  machines,  one 
giving  300  to  400  alternations  per  second  and  the  other  900  to 
1000  alternations  per  second.  The  distances  between  the  strati- 
fications do  not  seem  commensurate  with  the  rate  of  alterna- 
tion of  the  exciter  of  the  transformer.  On  the  other  hand 
the  distance  between  the  stratifications  is  not  dependent  upon 
the  amount  of  self  induction  in  the  circuit.  In  one  ease 
quadrupling  the  self  induction  reduced  the  distance  between 
the  stratifications  one-half.  This  reduction  was  due  not  to  the 
increased  self  induction  but  to  the  increased  resistance;  for  the 
introduction  of  a  water  resistance  of  some  megohms  dimin- 
ished in  a  similar  manner  the  distance  between  the  stratifica- 
tions.    In  short  I  could  not  discover  any  connection  between 

the  law  t  =  27r\/LC  and  the  phenomenon  of  stratification. 

I  have  said  that  we  can  pass  by  insensible  gradations  from 
the  condition  of  the  brush  discharge  to  that  of  the  disruptive 
discharge.  By  intercalating  a  non-inductive  water  resistance 
and  a  vacuum  tube  between  the  terminals  of  a  suitable  trans- 
former we  can  exactly  imitate  the  phenomena  observed  when 
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the  vacuum  tube  is  held  in  one  hand  while  the  other  hand 
grasps  one  terminal  of  the  transformer.  In  this  case  the 
water  resistance  takes  the  place  of  the  resistance  of  the  air  of 
the  room.  The  intensity  of  the  discharge  being  thus  much 
diminished  one  can  readily  study  various  manifestations  of 
stratification  which  may  perhaps  be  termed  transitory  stratifi- 
cations in  distinction  to  the  stationary  wave-like  forms  ob- 
served in  narrow  tubes.  The  transitory  stratifications  can  be 
produced  at  will  by  touching  suitable  points  of  a  vacuum  tube 
with  the  finger  or  by  connecting  such  points  with  the  ground. 
Such  stratifications  are  stationary  as  long  as  the  ground  con- 
nection is  maintained,  and  are  independent  of  the  rate  of  the 
alternating  machine  which  excites  the  transformer.  It  is  evi- 
dent that  the  condenser  action  of  the  vacuum  tube  plays  an 
important  part  in  this  phenomenon.  In  observing  the  stri© 
and  waving  columnar  form  of  the  light  excited  in  this  man- 
ner in  tubes  filled  with  rarefied  gases,  one  is  led  to  believe 
that  the  stratified  form  of  the  Aurora  Borealis  is  produced 
in  a  similar  manner.  Fig.  3  is  a  form  of  the  northern  light 
noticed  by  me.  Let  us  suppose  that  a  discharge  of  elec- 
tricity takes  place  in  rarefied  air  between  A  and  B,  and  that  C 
is  a  region  of  cloud  or  moisture.  C  can  be  regarded  as  the 
finger  or  earth  conductor  which  is  applied  to  the  tube  of  rare- 
fied air  and  which  seems  to  throw  the  discharge  into  transitory 
stratification,  and  to  give  the  waving  form  of  the  Northern 
light. 

The  pulsation,  therefore,  of  the  Aurora  Borealis  is  in  no 
way,  I  believe,  connected  with  any  oscillatory  discharge  ;  yet 
certain  writers  have  intimated  that  the  glowing  of  vacuum 
tubes  which  are  connected  with  one  terminal  of  a  transformer 
and  the  light  of  the  Aurora  is  due  to  millions  of  electrical 
oscillations  per  second.  Now  it  is  impossible  to  study  the 
question  of  the  rate  of  oscillation  of  the  brush  discharge,  by 
means  of  Federsen's  method  for  the  light  of  the  discharge  is 
not  suflScient  to  produce  a  photograph.  A  brief  consideration, 
however,  of  the  laws  of  electrical  oscillations  shows,  I  think, 
that  such  writers  are  mistaken.  The  rate  of  decay  of  the 
amplitude  of  such  oscillations  is  expressed  by  the  well  known 
factor 

2L 
E 

Now  in  the  case  of  a  brush  discharge  R  is  enormously  large. 
A  resistance  of  thirty  or  forty  ohms  was  sufficient  to  com- 
pletely damp  the  oscillations  of  the  sparks  studied  by  me  in 
the  research  on  the  damping  produced  on  iron  wires.     In  the 
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case  of  the  brush  discharge  although  we  may  be  dealing  with 
very  small  values  of  self  induction  and  small  values  of  time, 
we  have  on  the  other  hand  great  values  of  R  I  believe 
therefore  that  the  brush  discharge  is  reduced  to  the  case  of 
one  throb  which  is  analogous  to  the  pilot  spark  in  disruptive 
discharges.  In  regard  to  the  Aurora,  it  may  be  urged  that 
the  resistance  of  the  rarified  air  is  not  enormous.  In  answer 
to  this,  it  can  be  said  that  the  phenomenon  of  the  Northern 
light  can  be  best  reproduced  by  intercalating  a  tube  of  rarefied 
air  with  some  megohms  of  a  water  resistance  between  the 
terminals  of  a  suitable  transformer.  The  supposition  that  the 
Northern  light  is  produced  by  the  action  of  extremely  rapid 
electrical  oscillations  on  molecules  of  rarefied  air  is  not  borne 
out  by  the  theory  of  transient  currents  and  experiment  shows 
that  the  phenomenon  of  the  waving  and  apparent  stratifica- 
tion observed  at  times  in  the  Aurora  is  due  to  the  re-distribu- 
tion of  the  lines  of  force  which  is  produced  by  suitable  earths 
in  the  shape  of  regions  of  cloud  and  moisture. 

The  comparatively  small  resistance  of  the  electric  spark  in 
air  noticed  by  many  observers  is  due  I  believe  to  the  perma- 
nence of  path,  for  this  path  is  intensely  heated  and  is  practi- 
cally a  charred  hole  in  the  air.  When  this  path  no  longer 
becomes  such  a  hole  and  the  heated  air  rises  and  is  dissipated, 
the  oscillations  of  the  electric  spark  become  rapidly  damped, 
and  we  have  the  phenomenon  of  the  glow  at  each  of  the 
spark  terminals  without  the  disruptive  discharge ;  that  is,  we 
perceive  what  is  termed  a  brush  discharge.  The  lines  of  force 
crowding  from  one  terminal  seek  through  the  air  of  the  room 
the  other  terminal,  and  in  passing  through  rarefied  air  the 
energy  along  the  lines  of  lorce  is  manifested  by  molecular 
actions  whicn  are  apparently  protean  in  form.  I  see  therefore 
no  evidence  for  believing  in  the  rapid  oscillation  of  the 
Aurora. 

Jefferson  Physical  Laboratory,  Cambridge,  Mass. 


Art.  XXX. — The  Auriferous  Veins  of  Meadoic  Lake^  Cali- 
fornia ;  by  Waldemar  Lindgren. 

General  type, — Fissure  imns  containing  auriferous  sul- 
jphides  and  arsenides  with  gangue  of  tourmaline^  quartz  and 
ejpidote  in  granitic  and  diabasic  rocks. 

By  far  the  larger  part  of  the  veins  of  the  gold  belt  of 
California  have  a  gangue  of  quartz  alone  or  quartz  with  some 
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dolomite  or  calcite,*  contain  free  gold  besides  salphides,  and 
occur  in  the  sedimentary  auriferous  slate  series  or  in  the  erup- 
tive bodies,  unaltered  or  dynamo-metamorphosed,  which  are 
connected  with  them;  the  large  granitic  areas  are  usually 
barren.  The  ^^roup  of  veins  to  be  described  here  shows  thus 
a  type  which  in  many  respects  differs  from  the  ordinary.  In- 
deed, auriferous  deposits  of  this  class  do  not  appear  to  have 
been  mentioned  as  occurring  in  any  other  part  of  the  United 
States. 

Location  and  discovery. — The  Meadow  Lake  mining  dis- 
trict is  situated  in  Nevada  County  about  ten  miles  north  of 
Cisco,  a  station  on  the  Central  Pacific  Railroad  at  elevations 
ranging  from  7000  to  7500  feet.  The  first  dividie  of  the  Sierra 
Nevada  whose  summits  here  reach  9000  feet,  is  only  eight 
miles  distant  towards  the  east.  The  climate  is  severe  and 
snow  sometimes  falls  to  a  depth  of  twenty  feet  on  the  level. 
A  rough  trail  leads  into  the  district  from  Cisco ;  a  wagon  road 
thirty-five  miles  long  leads  to  Truckee  by  a  circuitous  route. 

The  mines  were  discovered  in  1863  by  H.  H.  Hartley,  and 
a  great  rush  took  place  to  the  district  in  1865  and  1866.  The 
free  gold  found  at  the  surface  soon  gave  way  to  relatively 
poor  sulphides  and  the  boom  speedily  collapsed.  At  various 
times  subsequently  some  work  had  been  done  on  the  principal 
mines  and  only  recently  the  deposits  have  been  subject  of  some 
discussion  in  the  technical  papers.  Considering  the  diflBculties 
of  access  and  climate,  there  is  some  doubt  as  to  whether  any 
of  the  deposits  can  ever  be  worked  with  profit.  The  ores  will 
not  average  more  than  from  seven  to  ten  dollars  per  ton  at  the 
most.  Trobably  $200,000  or  $300,000  have  been  expended  in 
the  district,  while  it  is  doubtful  if  more  than  $75,000  have 
been  taken  out. 

General  Geology. — The  area  shown  in  the  sketch  map  (p.  204) 
is  of  a  rough  mountainous  character,  the  elevations  ranging  from 
5,800  to  7,800  feet.  The  vegetation  is  scant,  the  soil  having 
been  swept  away  by  the  Pleistocene  ice  sheet  once  covering 
the  region,  leaving  enormous  bare  expanses  of  the  prevailing 
granitic  rock. 

Granodiorite, — A  light  gray  granitic  rock  occupies  the 
larger  part  of  the  area  of  the  map  and  in  it  is  contained 
nearly  all  of  the  veins  The  rock  is  in  general  identical  with 
the  gray  so-called  granite  that  occupies  such  large  areas  in  the 

*  In  a  footnote  in  an  article  on  ''  The  Gold  deposit  at  Pine  Hill "  (this  Journal, 
August,  1892)  regarding  gold  in  calcite  and  dolomite  I  omitted  to  mention  thai 
such  occurrences  had  first  been  noted  by  Prof.  W.  P.  Blake  from  Mariposa  and 
Amador  Counties,  Cai.  An  not.  Catal.  on  the  principal  mineral  species  of  Cali- 
fornia."    Sacramento,  1866. 
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Sierra  Nevada  and  which  probably  extend  through  southern 
California  far  down  into  the  peninsnia  of  Baja  Cahfornia  * 
0  The  rock  consists  in  typical  development  of  feldspar,  quartz, 
oiotite  and  hornblende  with  medium  grained  hypidiomorphic 
structure.  The  soda-lime  feldspars  are  usually  considerable 
and  to  a  variable  extent  in  excess  of  the  alkali  feldspars.  The 
silica  varies  between  60  and  73  per  cent;  the  amount  of  lime  is 
variable,  but  it  rarely  exceeds  while  it  usually  falls  somewhat 
short  of  the  sum  of  the  alkalies.  While  in  some  varieties  which 
cannot  be  distinguished  from  the  others  in  the  iield,  there  is 
more  potash  than  soda,  a  frequently  occurring  relation  is 
2  per  cent  Ka,0  to  4  per  cent  Na,0.  It  will  be  seen  that  the 
rock  very  closely  approaches  some  quartz-mica-diorites  and 
often  might  be  indicated  by  that  name.f 

This  term,  however,  besides  being  clumsy,  does  not  suflS- 
ciently  express  its  close  relationship  to  granite,  brought  out  by 
its  frequently  high  percentage  of  silica  and  low  percentage  of 
lime,  by  its  variable  percentage  of  alkali  feldspars  and  by  the 
muscovite  sometimes  occurring  in  it.  On  the  Survey  maps  of 
the  Gold  Belt  of  the  Sierra  Nevada,  of  which  district  Mr. 
G.  F.  Becker  is  geologist  in  charge,  it  has  therefore  been  deter- 
mined to  indicate  this  rock  as  granodiorite^  which  term  it  is 
hoped  will  find  general  acceptance. 

Age  of  the  granodiorite  — The  granodiorite  is  later  than  the 
quartzitic  slates  of  Signal  Peak  or  Ked  Mountain  north  of 
Cisco,  which  have  been  extensively  metamorphosed  by  it.  As 
these  sedimentary  rocks  are  the  direct  continuation  of  the 
series  which  a  few  miles  farther  south  at  Sailor  Gallon  have 
been  identified  as  Jura-Trias  from  the  meagre  fauna  occurring 
in  them,  the  granodiorite  evidently  postdates  that  period. 

At  Meadow  Lake  several  interesting  facies  of  the  granodio- 
rite occur.  Near  the  diabase  contact  it  appears  darker  and 
more  basic  by  increasing  hornblende.  West  of  Meadow  Lake 
from  the  Keystone  mine  up  towards  French  Lake  there  is  no 
biotite,  but  at  many  places  a  monoclinic  pyroxene  appears  and 
the  rock  contains  abundant  titanite.  At  several  places  near 
French  Lake  a  peculiar  augite-diorite  occurs  composed  of 
quartz,  plagioclase  and  augite;  the  areas  of  this  rock,  con- 
nected by  transitions  with  normal  types,  are  distinguished  by 
the  brilliant  white  color  of  the  glaciated  outcrops. 

Diabase. — An  area  of  diabasic  rock  occupies  the  eastern 
margin  of  the  map,  adjoined  on  the  west  by  dark  basic  diorite. 
It  is  sometimes,  as  at  Meadow  Lake  dam,  rather  a  uralitized 

*  Compare :  Petrographical  notes  from  Baja  California ;  W.  Lindgren.  Proc. 
Calif.  Acad.  Sci.,  2d  series,  vol.  i.  Part  II.  1888. 

f  It  is  also  closely  related  to  the  Tonalite  of  Mount  Adamello,  but  it  did  not  for 
several  reasons  seem  advisable  to  adopt  that  name. 
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diabase-porphyrite  ;  at  Fordyce  dam,  farther  soatb,  it  is  a  bio- 
titc-diabase.  The  relations  of  the  diabase  to  the  graoodiorite 
are  not  clear  beyond  doubt,  but  the  latter  appears  to  be  th^ 
yoanger  rock. 

Andeaite. — Several  small  masses  of  andeeitic  breccia  of  late 
Tertiary  age  cover  the  older  rocka  to  the  west  of  Meadow 
Lake ;  norSi  and  east  of  it  large  masses  of  this  volcanic  rock 
appear. 

Ore  deposits, — The  granodiorite  area  coDtaios  between  Sig- 
nal Peak  and  Meadow  Lake  a  great  number  of  black  veins 
and   seams  composed  of 
quartz,  tourmaline  and  epi- 
dote,  together  with  grains 
and  smaller  masses  of  pyrite. 
In  certain  places  the  latter 
mineral,    and    other    enl- 
phideshave  been  formed  to 
a  large  extent  and  are  aurif- 
erous   enough     to     render 
their  exploitation  possible. 
A  few  of  the  veins  which 
have    been    worked    from 
time  to  time  are  indicatsd 
on  the  figure.     The  strike 
is  northerly  or   northwest- 
erly,   the    dip    vertical 
or  at   high   angles  to  the 
northeast;  the  width  of 
the  veins  is  variable ;  some- 
times, as  at  Excelsior,  it 
reaches  twelve  feet.      The 
walls  are  frequently  indis- 
t  i  n  c  t.      The   veins    near 
A,9     V        A  •         ('•■..      Meadow  Lake  do  not  seem 
V\U<^^w  >.<^  a*»A  i-t«44^,  to  be  traceable  for  long  dis- 
Oco/e. .  2  7(lUe4  =  1  J»*e£,      tances,  while  some  of  those 
of    Old    Man    Mountain, 
which  is  a  rounded  granitic  dome,  traversed  in  several  directions 
by  fissure  systems,  appear  to  be  continuous  for  half  a  mile  or 
more.    The  country  roek  is  not  extensively  altered  in  the  vicinity 
of  the  veins.     Many  small  veins  occur  at  the  contact  of  grano- 
diorite and  diabase  near  Meadow  Lake  and   a  few  are  also 
found  in  the  latter  rock  just  south  of  the  lake. 

Ores. — The  ores  consist  of  iron  pyrite,  arsenical  pyrite, 
pyrrhotite,  zincblende,  and  rarely  galena ;  on  the  decomposed 
surface  much  coarse  free  gold  occurred  which,  however,  was 
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soon  replaced  by  the  sulphides  mentioned  and  in  which  the 
gold  occurs  in  extremely  fine  distribution. 

Auriferous  copper  ores  prevail  at  the  Keystone,  with  cuprite, 
chrysocolla  and  other  secondary  minerals.  At  the  most  devel- 
oped mine,  Excelsior,  iron  pyrite  is  the  most  abundant  ore. 
Silver  does  not  occur  to  any  notable  extent  in  the  ores. 

Gangue. — While  some  white  quartz  with  admixed  sul- 
phides occur,  the  usual  gangue  is  a  black,  hard  and  dense 
rock  of  sometimes  almost  basaltic  appearance,  in  which  the 
ores  are  disseminated.*  In  more  coarse-grained  specimens 
yellow  epidote,  quartz  grains  and  small  radiating  aggregates  of 
a  dark  brown  tourmaline  are  visible.  Under  the  microscope 
the  black  veinstone  is  resolved  into  an  interlocking  aggregate 
of  quartz  grains,  occasionally  traversed  by  cracks  along  which 
comminution  and  crushing  has  taken  place ;  gas  and  fluid 
inclusions  are  plentiful ;  epidote  and  sometimes  zoisite  form 
aggregates  in  places ;  tourmaline  occurs  as  irregular  grains 
with  the  quartz  but  much  more  commonly  as  slender  crystals 
and  radial  aggregates  intimatelv  and  plentifully  imbedded  in 
the  quartz.  The  tourmaline  has  pleochroic  colors  varying 
from  bright  brown  to  dark  bluish  or  greenish  gray.  Skeleton 
crystals  are  common,  the  interior  being  filled  with  quartz 
grains  and  bunches  of  radial  chlorite.  This  latter  mineral  is 
quite  common  in  some  slides,  sometimes  traversing  the  tourma- 
line in  small  veins.  Brown  mica  occurs  in  aggregates,  together 
with  the  tourmaline.  A  colorless  mica,  titanite,  ilmenite  and 
some  calcite  were  also  observed.  The  ores  occur  intimately 
intergrown  with  this  gangue.  In  one  case  pyrite  was  observed 
surrounded  by  a  ring  of  pyrrhotite. 

In  a  small  vein  occurring  where  the  trail  to  Meadow  Lake 
crosses  Fordyce  creek  grains  of  a  faintly  greenish  monoclinic 
pyroxene  and  probably  also  a  little  albite  occur  together  with 
abundant  quartz,  tourmaline,  epidote  and  pyrite.  The  occur- 
rence of  pyroxene  in  veins  of  this  class  is  certainly  not  usual. 
Pyroxene  is  however  not  exclusively  an  igneous  mineral ;  Dau- 
br6e  has  long  ago  shown  that  it  may  be  formed  by  the  action 
of  superheated  water  on  glass  containing  iron,  and  according 
to  Broggerf  it  sometimes  occurs  in  the  veins  of  the  syenite  of 
southern  Norway  together  with  zeolites  and  calcite  in  such  a 
way  that  it  must  be  regarded  as  having  been  formed  contem- 
poraneously or  even  later  than  the  zeolites. 

*  Mr.  Alfred  R.  Conkling,  who  for  some  time  was  engaged  as  a  geologist  of  the 
Wheeler  Survey,  makes  indeed  the  startling  statement  that  "  the  ore  deposits  at 
Meadow  Lake  are  generally  found  in  a  mass  of  basalt  enclosed  in  the  country 
rock,  gray  granite."  Annual  Report  of  Chief  Engineer,  1878,  Appendix  NN, 
p.  183. 

f  Zeitschr.  Kryst.  u  Min.,  xvi,  p.  329. 
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From  the  data  given  above  it  appears  probable  that  the 
larger  part  of  contents  of  the  veins  should  be  regarded  as 
country  rock  intensely  altered  by  solutions  containing  heavy 
metals  and  boron,  ascending  along  narrow  cracks  and  fissures. 

Somewhat  similar  deposits  have  recently  been  described  by 
W.  Moericke  from  Chile.*  In  these  occurrences  a  hornblende- 
bibtite-granite  of  probably  Tertiary  age  is  in  the  vicinity  of 
the  veins  altered  to  a  tourmaline  rock  nearly  identical  with 
that  here  described ;  the  veins  proper  occur  in  this  tourmaliDe 
rock  and  consist  of  quartz  with  but  little  tourmaline,  together 
with  auriferous  copper  ores. 

Washington,  D.  C,  April,  1893. 


Art.  XXXI. — The  Stahility  of  Standard  Solutions  of  Tartar 

Emetic ;  by  Hippolyte  Grqener. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — ^XXVL] 

During  the  progress  of  some  investigations  on  antimony,  I 
found  it  desirable  to  know  to  what  extent  a  solution  of  tartar 
emetic  could  be  relied  on  to  retain  its  strength  when  kept  for 
a  length  of  time.  Accordingly  I  made  up  a  number  of  solu- 
tions of  tartar  emetic,  whose  strength  was  determined  by  titra- 
tion in  presence  of  an  alkaline  tartrate  and  bicarbonate  with 
decinormal  iodine,  standardized  against  arsenious  oxide.  These 
solutions  were  put  aside  in  stoppered  bottles  for  a  number  of 
months,  when  they  were  again  determined  with  iodine  stan- 
dardized against  the  same  arsenious  oxide. 

Solution  A  was  simply  tartar  emetic  in  distilled  water,  16 
grms.  to  the  liter.  At  the  end  of  five  months  this  was  found 
to  have  lost  strength  to  a  considerable  extent,  while  a  deposit, 
seemingly  a  mixture  of  antimouious  oxide  and  of  fungus 
growth  had  settled  at  the  bottom  of  the  bottle.  At  the  end 
of  fourteen  months  a  still  greater  loss  of  strength  was  ob- 
served, corresponding  in  all  to  about  3  5  per  cent  of  the  tartar 
emetic,  of  which  4  grms.  were  present.  The  sediment  was 
drained,  dissolved  in  tartaric  acid  and  titrated  with  iodine.  It 
was  found  to  correspond  to  '13  grm.  of  tartar  emetic  or 
approximately  the  amount  lost.  This  shows  clearly  that  under 
the  conditions  no  great  loss  is  caused  by  the  formation  of  the 
pentoxide,  in  closed  bottles  at  least. 

Solution  B  was  slightly  alkaline  with  sodium  bicarbonate  in 
presence  of  sodium  tartrate.  On  this  solution  after  five 
months  there  was  developed  in  addition  to  a  fungus  growth  a 

*  Min.  und  Petr.  Mitth.,  xii,  No.  3. 
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deposit,  probably  antimonious  oxide ;  there  was  here  a  slight 
loss  in  the  strength  of  the  solution,  amounting  to  1  per  cent. 

Solution  C  was  acid  with  tartaric  acid  only.  After  ten 
months  the  solution  was  found  of  the  same  strength  and  clear- 
ness as  it  was  originally :  but  four  months  later  there  was  a 
slight  deposit  accompanied  by  a  loss  of  1*2  per  cent. 

Parallel  experiments  to  A  gave  like  results.  Two  repeti- 
tions of  C  with  varying  amounts  of  tartaric  acid  present 
showed  in  each  case  a  decided  fungus  growth  with  no  loss  of 
strength  at  the  end  of  five  months,  whereas  at  the  end  of  nine 
months  the  loss  amounted  to  1  per  cent  for  the  larger  amount 
of  tartaric  acid  and  0*3  per  cent  for  the  smaller  amount. 

It  seems  then  that  there  is  little  danger  of  any  oxidation  of 
the  antimonious  oxide  occurring,  and  provided  enough  tartaric 
acid  is  present  to  keep  all  the  antimonious  oxide  in  solution, 
the  solution  should  maintain  its  strength  for  at  least  five  or 
six  months.  The  fungus  growth  has  not  been  found  to  inter- 
fere in  practical  work  with  the  solutions,  yet  it  seemed  advisa- 
ble to  prevent  its  formation  if  it  could  be  done  simply.  To 
test  the  possibility  of  this,  a  number  of  solutions  were  pre- 
pared containing  varying  amounts  of  hydrochloric  acid,  which 
should  act  as  a  sterilizer ;  enough  tartaric  acid  was  added  to 
counteract  any  tendency  toward  precipitation.  In  one  series 
of  experiments  the  solutions  were  sterilized  at  the  beginning 
by  boiling ;  in  the  other  series  distilled  water  which  had  been 
exposed  more  or  less  to  the  air  for  a  number  of  days  was 
directly  used.  Where  the  solutions  had  been  thus  sterilized 
no  sign  of  fungus  growth  had  appeared  at  the  end  of  five 
montns,  and  in  the  case  of  the  unsterilized  solutions  there  was 
never  more  than  a  trace.  Where  the  hydrochloric  acid  present 
was  not  more  than  10  cm'  to  500  cm'  of  water,  there  was  at 
the  end  of  three  months  only  the  faintest  trace  of  a  deposit 
and  no  material  loss  of  strength.  Where  the  hydrochloric 
acid  was  present  to  the  extent  of  25  cm'  in  500  cm'  of  water  a 
decided  granular  precipitate  was  observed,  accompanied  by  a 
loss  of  strength  of  about  10  per  cent.  The  granular  precipi- 
tate dissolved  in  tartaric  acid  and  titrated  accounted  almost 
exactly  for  this  loss. 

A  number  of  solutions  were  prepared  under  varying  condi- 
tions and  left  open  to  the  air  for  three  months,  at  the  end  of 
which  time  no  loss  from  oxidation  was  found. 

It  may  be  seen  that  tartar  emetic  in  a  solution  of  16  grms. 
to  the  liter  is  not  oxidized  either  in  closed  or  open  bottles.  If 
it  is  desired  to  keep  this  solution  as  a  standard  for  a  moderate 
length  of  time  it  can  be  done  in  presence  of  enough  tartaric 
aciu  (20  to  30  grms.  to  the  liter)  to  prevent  precipitation. 
The  addition  of  1*^  hydrochloric  acid  to  one  liter  of  solution 
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is  enough  to  prevent  any  decided  formation  of  fungus  growth, 
at  the  same  time  not  enough  to  cause  a  deposit  as  happens 
when  large  amounts  of  hydrochloric  acid  are  used. 

In  the  titration  of  tartar  emetic  in  presence  of  starch  the 
permanent  blue  color  was  taken  in  every  case  as  the  indication 
of  the  end  reaction,  as  all  other  shades  of  color  were  found 
unsatisfactory.  It  is  a  well  known  fact  that  in  the  titration  of 
antimony  salts  the  color  of  the  starch  iodide  is  not  developed 
until  there  is  a  considerable  excess  of  iodine  present,  so  that 
as  compared  with  arsenious  oxide,  iodine  gives  high  results 
with  antimony.  Thus,  for  example,  the  mean  of  six  series  of 
determinations  made  at  various  times  and  aggregating  twenty- 
nine  determinations  showed  the  presence  of  4:8'95  per  cent  of 
antimonious  oxide  in  tartar  emetic.  (Sb  =  120  and  tartar 
emetic  KSbOC,H,0. .  iHfi .  =  332,  requiring  43-37  per  cent.) 

The  facts  above  shown,  that  tartar  emetic  may  be  kept  in 
stable  solution  by  means  of  tartaric  acid  and  hydrochloric  acid 
in  the  proportions  given,  make  it  possible  to  use  and  keep  such 
solutions  for  standardizing  iodine  for  the  determination  of 
antimony,  and  thus  to  eliminate  the  error  due  to  the  tardy 
development  of  the  starch  iodide  blue  in  presence  of  antimony 
salts,  observed  when  compared  arsenious  oxide  is  used  as  a 
standard. 


Art.   XXXII. — Description  of  Rowlandite ;    by  "W.  E. 

Hidden  and  W.  I .  Hillebrand. 

I.  Historical  and  Descriptive  Discussion^  by   W.  JS,  Hidden. 

About  one  kilogram  of  the  mineral  described  in  this  paper 
was  found  by  the  writer  in  rather  large  lumps  among  huge 
masses  of  gadolinite  and  yttrialite,  in  a  single  shipment  of  the 
various  yttria-bearing  minerals,  sent  to  him  some  five  years 
ago,  from  the  noted  locality  in  Llano  County,  Texas. 

The  alteration  products  attracted  my  attention  at  once  by 
their  dissimilarity  to  those  of  gadolinite,  yttrialite  and  allanite 
from  the  same  mine.  Several  preliminary  trials  proved  the 
mineral  to  contain  over  sixty-one  per  cent  of  the  "  rare  earths  " 
having  a  joint  atomic  weight  of  118'5.  The  ignited  oxalates 
had  a  pale  straw  color  and  the  absorption  spectrum  of  a  satu- 
rated nitrate  solution  showed  the  lines  of  the  erbium  and 
didymium  groups  very  prominent.  Ferrous-oxide  was  found 
to  be  present  (in  one  instance  estimated  at  4:'69  per  cent)  and 
by  the  use  of  ammonium  carbonate  040  per  cent  of  what 
appeared  to    be  uranium  oxide  was  separated  from  the  iron 
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solution.  Three  determinations  of  silica  gave  25*98  per  cent, 
2646  per  cent  and  25*64  per  cent.  A  small  amount  of  lime 
was  also  found.  The  loss  on  ignition  was  2*01  per  cent,  but 
this  was  then  considered  as  wholly  due  to  hydroxyl  and  that 
fluorine  was  present  was  not  even  suspected.  The  apparent 
shortage,  of  nearly  5  per  cent,  was  thought  to  be  due  to  alka- 
lies, magnesia  and  other  non-essential  elements  and  also  to  the 
fact  of  the  hurried  character  of  these  preliminary  analyses. 
That  the  mineral  was  essentially  unlike  gadolinite  and  could 
not  be  considered  as  a  nonthoriferous  yttrialite  seemed  proven 
and  so  it  was  laid  aside  until  it  could  be  looked  into  thoroughly. 

Prof.  Rowland  photographed  the  spectrum  of  this  mineral 
and  also  the  ^'  earths  "  from  its  oxalates  and  found  them  to  be 
not  essentially  different  from  those  of  gadolinite  and  other 
minerals  rich  in  yttria.  He,  however,  expressed  the  opinion 
that  there  were  at  least  a  dozen  unknown  elements  in  the  so- 
called  yttria  group  not  yet  separated.  The  scale  on  which  he 
showed  its  spectrum  represented  a  length  of  ten  feet  and  over 
Un  thousand  lines  were  noticed. 

Later,  the  density  was  determined  as  4*515,  on  carefully 
sielected  fragments.  Its  color  varies  from  bottle-  to  pale  drab- 
green  when  pure  and  its  luster  on  a  fractured  surface  is  de- 
cidedly more  vitreous  than  that  of  gadolinite.  It  is  also  more 
transparent,  being  perfectly  so,  in  thin  splinters.  Its  altera- 
tion product  is  of  a  waxy-brick-red  color  tending  towards 
brown  and  this  is  peculiarly  characteristic.  The  alteration  has 
been  one  of  further  oxidation  of  the  iron,  hydration  and  par- 
tial change  to  carbonates. 

The  mineral  is  isotropic,  its  hardness  is  6,  its  fracture  glassy- 
conchoidal,  its  luster  vitreous-resinous  and  the  powdered  min- 
eral is  light  greenish  gray.  It  is  easily  soluble  in  acids  with 
gelatinization.  Before  the  blowpipe  it  swells  up  without 
appreciable  glowing  but  when  strongly  heated  it  emits  a  bril- 
liant light  without  fusing.  Any  change  of  density  was  not 
investigated.  The  above  data  warranted  me  in  calling  the 
mineral  new  and  quite  distinct  from  gadolinite  with  which  it 
is  found  associated.  I  proposed  therefore,  in  a  note  published 
in  this  Journal  in  November,  1891,  "  the  name  of  Rowlandite 
after  Professor  Henry  A.  Rowland,  whose  spectrographic 
work  on  the  so-called  ^rare  earths'  is  so  novel  and  important." 

Through  the  kindness  of  Prof.  F.  W.  Clarke,  of  the  U.  S. 
Geol.  Survey,  it  has  been  possible  to  complete  the  description 
of  this  new  mineral  with  the  analysis  and  discussion  of  its 
composition  by  Dr.  W.  F.  Hillebrand,  given  in  the  following 
pages. 

Am.  Jour.  Sol— Third  Series,  Vol.  XL VI,  No.  273.— Sept.,  1893. 
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II.  Analysis  and  Discussion  of  composition^  by  W,  F,  Hillebrand. 

The  specimen  of  rowlandite,  furnished  by  Mr.  Hidden  for 
analysis,  was  a  portion  of  a  mass  resembling  somewhat  amorph- 
ous gadolinite.  It  had  a  glassy  interior  surrounded  bj  an  un- 
even thickness  of  reddish  alteration  substance,  chiefly  a  carbo- 
nate, or  carbonates,  of  the  rare  earths  and  lime.  The  glassy 
*'  rowlandite  "^  showed,  when  broken  up,  reddish  and  dark 
stains  in  places,  the  latter  being  produced  by  minute  black 
inclusions,  perhaps  of  a  titanium  mineral.  Numerous  scarcely 
visible  fissures,  iilled  with  foreign  matter,  traversed  the  glass. 
This  rendered  the  selection  of  pure  material  an  arduous  task ; 
the  result  of  several  days  of  labor,  however,  was  a  sample 
possessing  a  high  degree  of  purity  as  shown  by  the  micro- 
scope. A  very  small  amount  of  impurity  was  still  present,  but 
much  less,  apparently,  than  the  analysis  seems  to  indicate.  A 
slight  cloudiness  in  some  grains  points  to  incipient  change.  Its 
density  is  the  same  as  that  found  by  Mr.  Hidden,  4'513,  at 
15^5°  C.     The  analysis  is  as  follows : 
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•24 

•28 
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CO, 

•34 

Fl    

3^87 

3^87 

PA 

trace 

trace 

10M2 

Less  O  for  Fl, 

1-63 

99^49 

*  Certainly  more  nearly  correct  than  25*77,  since  the  fluorine  must  have  caused 
loss  of  silica  on  evaporation  with  hydrochloric  acid. 

I  A  mixture  of  undefinable  earths  with  some  uranium  and  a  trace  of  titanium. 

%  Cerium  dioxide  cannot  be  present,  if  at  all,  in  more  than  trivial  amount,  for 
otherwise  much  less  ferrous  oxide  would  have  been  found.  For  the  same  reason 
the  manjranese  cannot  be  present  as  MuaOs. 

§  If  the  ^rnall  and  undetermined  amount  of  uranium  exists  as  dioxide,  the  fer* 
rous  oxide  here  given  is  correspondingly  high,  but  the  possible  error  can  have  no 
influence  on  the  formula  deduced. 


Hidden  and  HiUebrand — Description  of  Bowlandite.     211 

In  calculating  the  molecular  ratios  a  brief  consideration 
shows  that  CaO  and  CO,  may  be  neglected,  and  likewise,  so 
far  as  their  effect  on  the  general  formula  is  concerned,  the 
ThO,  and  the  group  denominated  X  ;  also  the  trace  of  ferric 
oxide  and  the  alkalies.  For  the  present  the  water  may  also  be 
disregarded.    There  result  then  the  following  molecular  ratios  : 

SiO 26-04 -^    60      =                     -4340          3*91 

Ce^Oj 5-06       328-4        -0154 

La  group 9-34       336*8       -0277}-      '2223         2*00 

Y  group 47-70       266-2       -1792 

FeO 4-39         72  -0610 

MnO -67  71  -0094^       -1109         1*00 

MgO 1-62         40  -0405 

FI 3-87  19  -2037  1-84 

These  furnish  the  following  empirical  formula,  after  deduct- 
ing 10  atoms  of  oxygen  for  20  of  fluorine  : 

The  silica  is  in  all  probability  as  much  as  half  a  per  cent  too 
low  through  loss  occasioned  by  the  presence  of  fluorine. 
Furthermore,  it  is  possible  that  the  fluorine,  estimated  by  the 
Berzelian  method,  is  a  little  too  low ;  or,  if  not,  that  the  small 
amount  of  water  found  is  in  part  at  least  derived  from  hy- 
droxyl  replacing  fluorine.  The  presumption  is  then  strong 
that  the  composition  of  rowlandite  is  represented  by  the 
formula 

Si,;"R,/'R,,F„0,„,  or  in  simplified  form  Si/^R/'RF.O,, 

Structurally  this  formula  may  perhaps  be  written  in  a  number 
of  ways,  that  which  most  readily  suggests  itself  being 

'"RF 


^Si,0,=="'R 

"^\Si,0,  ^  '"R 

II 
^'RF 

in  which  the  mineral  is  to  be  regarded  as  a  derivative  of  the 
acid  HgSiaO^.  Until,  however,  the  whole  group  of  rare  earth 
silicAtes  is  carefully  studied  and  their  relations  among  them- 
selves and  to  other  better  known  silicates  are  ascertained,  it 
would  be  premature  to  pronounce  in  favor  of  this  or  any  other 
structural  formula. 

Reducing  all  the  other  earths  to  a  hypothetical  one  having 
.the  molecular  weight  of  the  yttrium  group  as  found,  and  the 
manganese  and  magnesia  to  their  equivalents  in  iron,  the  com- 
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position  of  an  ideal  rowlandite  would  appear  as  in  the  first 
column  below,  while  the  second  column  shows  the  percentages 
required  to  conform  to  the  above  formula. 

Calculated  for 

Found.  SiiYiFeFlaOu. 

Si 12-73  12-93 

Y 50-83  50-37 

Fe 6-50  6-46 

FI    4-05  4-39 

0 25-89  25-85 


100-00  100-00 

The  agreement  is  very  close  and  becomes  much  more  so  if 
the  suggested  slight  increase  in  silica  and  fluorine  is  allowed. 


Art.  XXXIII. — The  Upper  Hamilton  and  Portage  Stages  of 
Central  and  Eastern  New  York  ;  by  Charles  S.  Prosser. 

The  correlation  of  the  Upper  Devonian  rocks  of  central 
and  eastern  New  York  has  for  a  long  time  been  a  question  of 
great  diflBculty  and  several  interesting  statements  have  recently 
been  published  in  reference  to  this  problem.  The  region  is 
one  familiar  to  me,  and  while  recognizing  the  generally  accu- 
rate description  of  the  geologic  sequence  of  this  mass  of  rocks, 
the  correlation  and  consequent  age  of  a  portion  of  the  terranes 
under  consideration,  included  between  the  base  of  the  Oneonta 
sandstone  and  the  top  of  the  Hamilton  stage,  seem  to  call 
for  a  brief  explanation  of  their  paleontology  and  stratigraphy. 
This  region  was  somewhat  briefly  described  by  Dr.  H.  S. 
Williams  in  a  paper  on  "The  classification  of  the  Upper 
Devonian"^  in  1885;  in  addition  to  this  a  large  amount  of 
data  has  been  accumulated  in  reference  to  the  paleontology 
and  stratigraphy  of  the  region,  the  greater  part  of  which  is  in 
the  hands  of  Dr.  Williams  for  use  in  the  preparation  of  a 
monograph  describing  the  Devonian  system  of  the  United 
States. 

The  term  "  Oneonta  group  "  has  been  used  for  two  entirelj^ 
different  geologic  terranes  in  the  same  region  of  New  York^ 
hence  it  would  seem  advisable  to  review  the  history  of  the  us 
of  the  names  under  consideration. 

The  Oneonta  sandstone  was  defined  by  Vanuxem  in  1840, 
follows  :  "  Montrose  sandstone^  or  sandstone  of  Oneonta ;  thii 
is  the  last  or  upper  rock  of  the  third  district  [third  geologica 

*  Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  xxxiv,  p.  225.  See  in  particular  Sections  N 
VIII,  IX,  X  on  the  chart  of  meridional  sections  accompanjing  the  paper. 
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district  of  New  York] ;  it  consists  of  many  veins  of  gray 
sandstone,  and  sometimes  of  red  sandstone  ....  this  rock  is 
found  in  Otsego,  Chenango  and  Broome  counties  [New  York]  ; 
it  covers  the  whole  of  the  upper  part  of  Susquehannah  county, 
in  Pennsylvania,  and  being  there  an  abundant  rock  and  sur- 
rounding the  town  of  Montrose,  I  have  thought  it  well  to 
apply  its  name  to  this  rock."*  This  description  classed  as  one 
formation  the  Oneonta  sandstone,  which  in  that  region  is  over- 
laid by  rocks  containing  at  the  base  a  Portage  fauna,  higher 
Chemung  species  and  finally  is  capped  by  the  Catskill  stage, 
the  united  mass  of  these  terranes  forming  Vanuxem's  Mon- 
trose or  Oneonta  sandstone.  In  the  same  year,  Professor 
Mather  proposed  the  "Catskill  Mountain  series"  and  de- 
scribed it  as  "  that  [series]  which  lies  between  the  Helderberg 
limestone  series  and  the  coal-bearing  rocks  of  Carbondale  in 
Pennsylvania."f  In  his  following  report  Professor  Mather 
subdivides  this  series  into  eight  groups  as  follows  : 

"  1.     Conglomerates  and  grits. 

r  Red  and  gray  grits   with  red  shales  mottled  wi^h  green 
2.  •<      spots. 

(  Montrose  sandstone  of  Professor  Vanuxem. 
;^.     Chemung  group  of  Professor  Vanuxera. 

4.  Ithaca  "        "  "  *' 

5.  Sherburne  flags    "  '*  " 
6. 

7.  Hamilton  group  "  "  " 

8.  Marcellus  shales  "  "  '*    "  J 

Yanuxem  in  his  final  report  classed  together  the  "  Montrose 
and  Oneonta  Sandstone  of  the  Reports  "  and  called  them  the 
"  Catskill  group ;"  which  he  regarded  as  equivalent  to  the 
'*  Old  Red  sandstone  of  England."§ 

In  1841  Conrad  published  a 'classification  of  the  rocks  of 
New  York.  The  "formations"  were  numbered  in  ascending 
scale  and  the  following  were  referred  by  him  to  the  "  Upper 
Silurian  Series  "  : 

"  26.  Oneonta  group. 

25.  Cazenovia    " 

24.  Tully  limestone. 

23.  Sherburne  group. 

22.  Shales  near  Apulia. 

21.  Black  slate."  || 

*4th  Ann.  Rep.  Third  Geol.  Dist.  N.  Y.,  p.  381. 
f  4th  Ann.  Rep.  First  Geol.  Dist.  N.  Y.,  p.  227. 
1  5th  Ann.  Rep.  First  Geol.  Dist.  N.  Y.,  p.  77. 
§  Geol.  N.  Y.,  Pt.  Ill,  1842,  p.  186. 
I  5th  Ann.  Rep.  Palaeontology  N.  Y.,  p.  31. 
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There  is  one  mistake  in  reference  to  the  stratigraphic  order 
of  the  groups  of  the  above  list.  The  "Cazenovia  group" 
belongs  below  instead  of  above  the  Tnlly  limestone.  This 
error  was  corrected  by  Vannxem  in  his  final  report,  where 
under  the  heading  of  the  Hamilton,  the  "  Cazenovia  group" 
is  given  as  one  of  its  divisions.* 

To  one  who  is  not  familiar  with  the  geological  outcrops 
near  Cazenovia,  a  glance  at  the  geological  map  of  New  York 
of  1843,  or  the  one  showing  the  '*  Geographical  distribution  of 
the  Tully  limestone  in  central  New  York  "  by  Professor  S.  G. 
Williams,+  will  show  the  exposures  of  Tully  limestone  as 
considerably  south  of  Cazenovia.  Of  course  the  "Black 
slate  "  represents  the  Marcellus  shale,  while  the  "  shales  near 
Apulia,"  and  the  "Sherburne  group"  are  parts  of  the  Hamil- 
ton stage  as  stated  by  Vanuxem.:|:  It  is  interesting  to  note 
that  the  term  "  Sherburne  group  "  of  Conrad  is  not  the  same 
as  the  "  Sherburne  flagstone  and  shale "  of  Vanuxem  as  will 
be  seen  from  an  attentive  examination  of  his  final  report§ 
The  Sherburne  flagstones  of  Vannxem  are  a  mass  of  sand- 
stones in  the  Chenango  Valley  above  the  horizon  of  the  Tully 
limestone,  which  are  mostly  non-fossiliferous  and  are  synchron- 
ous with  the  lower  part  of  the  Portage  as  exposed  farther  west. 
Below  these  flagstones  are  argillaceous  shales  which  contain  an 
abundance  of  Hamilton  fossils,  as  for  instance  in  the  shales  at 
Rexford  or  Sherburne  falls.  The  same  zone  is  well  exposed 
in  the  gorges  near  Smyrna  where  the  Sherburne  flagstones 
form  the  top  of  the  high  hills,  and  most  of  the  species  which 
Conrad  gave  as  belonging  to  the  "  Sherburne  group'*  were  from 
"near  Smyrna."  The  following,  which  are  now  all  well 
known  Hamilton  species,  were  named  and  described : 

Nuculites  oblongaius^  N',  rostellatua^  N.  heUistriatus  [now 
NuGuLa  hellistriata\  Orthonota  xindalata^  Oypricardites 
ohlonga  [now  regarded  as  a  'synonym  of  Modiomorpha  con- 
centrica  (Con.)  H-all],  and  C,  rugosa  [now  Goniophora  rugo%a 
(Con.)  Miller].! 

Above  this  zone  Conrad  placed  the  Tully  limestone,  but 
apparently  no  representative  of  the  Genesee  shale  is  given. 
The  highest  rocks  are  the  Oneonta  group  which  are  supposed 
to  have  been  named  from  exposures  near  that  town.  Nucfw- 
lites  Guneiformis^  N^.  maxima  [now  Palceoneilo  maxima  (Con.) 
Hall],  andf  Cypricardites  carinata  [now  Goniophora  carinata 
(Con.)  Hall]  were  named  and  described  from  this  formation  at 

*Geol.  N.  Y,  Pt.  Iir,  p.  150. 

f  Sixth  Ann.  Rep.  State  Geologist  [N.  Y.]  for  1886;  map  following  p.  28. 
iGeol.  N.  Y..  Pt.  HI,  p.  150. 

§  See  the  explanation  of  the  names  that  had  been  used  for  different  parts  of 
the  Hamilton  on  p.  150,  and  the  same  for  the  Portage  on  p.  172. 
\  5th  Ann.  Rep.  Palaeontology  N.  Y.,  pp.  50-54. 
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Oneonta.  The  shales  and  sandstones  which  contain  these 
fossils  are  exposed  at  the  base  of  the  high  hill  near  Oneonta, 
and  are  helow  the  reds  and  grays  which  compose  the  terrane  to 
which  Vanaxern  gave  the  name  Oneonta  sandstone.  The 
quarry,  a  short  distance  west  of  Oneonta  and  below  the  high- 
way, contains  these  species  in  association  with  others,  especially 
Paracyclas  lirata  (Con.)  Hall,  Chonetes  scituZa  Hall  and 
Tropidoleptxis  carinatus  (Con.)  Hall.  Above  the  highway 
fossils  become  rare  and  gradually  disappear,  the  last  species 
noted  being  Nuculites  cuneiformia  Con.  and  Palmoneilo 
maxima  (Con.)  Hall,  about  half  way  up  the  hill.  It  seems 
that  Conrad's  name  for  this  zone  was  not  considered  in  the 
final  reports  of  the  New  York  Survey,  although  Yanuxera 
referred  to  the  horizon  in  several  places ;  for  instance  in 
describing  the  hill  near  Oneonta,  mentioned  above,  it  is  stated 
that  the  Catskill  group  or  Oneonta  sandstones  of  Vanuxem 
'*  occupy  the  highest  part  of  the  face  of  the  hill,  the  base  of 
which  is  composed  of  rocks  which  1  [Vanuxem]  have  sup- 
posed to  belong  to  the  Ithaca  group."  * 

So  far  as  the  writer  is  aware  he  lirst  called  attention  to  the 
twofold  use  of  the  term  '*  Oneonta  group,"  and  indicated  the 
stratigraphic  place  of  each  zone.f  The  zone  is  well  exposed  in 
the  Susquehanna,  Unadilla,  and  Chenango  river  valleys, 
especially  at  Oneonta,  Oxford  and  Norwich.  In  reference  to 
the  correlation  of  the  deposits  below  the  Oneonta  sandstone 
there  seem  to  be  many  conflicting  opinions,  owing  to  the  fact 
of  the  absence  of  the  Tully  limestone  and  the  Genesee  shales 
in  central  and  eastern  New  York.  It  is  true  that  their  dis- 
tinctive lithologic  characters  simplify  the  matter  of  separating 
the  Hamilton  from  the  overlying  Portage  in  all  that  area 
where  they  are  present.  But  the  writer  found  that  a  careful 
study  of  the  facies  of  the  fauna  of  each  zone,  supplemented 
by  actual  observation  of  their  stratigraphic  position  and  rela- 
tion in  the  field,  enabled  him  to  separate  the  fauna  of  the 
typical  Hamilton  from  those  of  the  modified  Hamilton  faunas 
of  the  overlying  rocks  in  regions  where  there  was  no  trace  of 
the  Tully  limestone  or  Genesee  shale. 

This  method  of  separating  the  Hamilton  from  the  Portage 
above  was  thoroughly  tested  during  the  summers  of  1890-91 
in  an  examination  of  the  Devonian  system  along  the  eastern 
face  of  the  Catskill  mountains  from  Greene  county,  New  York, 
to  Carbon  county  in  eastern  Pennsylvania.  It  was  noted  that 
although  the  fossils  in  the  upper  rocks  were  mostly  species 
found  in  the  typical  Hamilton  of  central  and  western  New 
York,  still  there  were  slight  variations  or  even  varietal  modifi- 

*Geol.  N".  Y.,  Pt.  Ill,  p.  192. 

t  Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  xxxvi,  1887,  p.  210. 
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cations  which  when  observed,  enabled  one  to  separate  them. 
There  are  frequently  lithologic  variations  to  assist,  as  in  eastern 
Pennsylvania,  which  were  used  to  advantage  in  the  work  of 
Prof.  I.  C.  White  for  the  2d  Geological  Survey  of  that  State, 
and  a  knowledge  of  these  two  characters  was  found  necessary 
for  the  correlation  of  the  Upper  Devonian  of  this  region.  This 
principle  was  tested  several  times  by  different  observers  and 
it  was  found  that  those  paleontologists  who  had  simply  studied 
the  species  in  a  general  way  without  considering  the  minor 
variations  due  to  the  difference  in  geographic  distribution  or 
stratigraphic  range  did  not  recognize  the  different  facies  of 
these  faunas  but  called  them  all  Hamilton  ;  while  two  paleon- 
tologists who  had  closely  studied  the  characters  of  the  faunas 
and  had  also  noted  similar  comparatively  slight  changes  in 
reference  to  the  distribution  and  range  of  species  for  another 
region,  on  being  shown  collections  of  these  fossils  without  any 
iniormation  as  to  their  stratigraphic  position,  invariably  recog- 
nized those  that  came  from  tbe  beds  corresponding  to  the 
typical  Hamilton  of  New  York,  as  well  as  the  slightly  modified 
faunas  from  the  overlying  rocks.  And  this  recalls  the  princi- 
ple stated  by  Dr.  H.  S.  Williams  when  describing  the  classifi- 
cation of  the  Upper  Devonian  for  southern  and  western  New 
York,  viz : — "  the  complications  arising  from  both  geological 
and  geographical  modifications  of  fossil  faunas  are  so  great  that 
the  attempt  to  determine  horizons  by  single  or  by  roughly 
identified  fossils  will  certainly  lead  to  erroneous  results."* 
The  failure  on  the  part  of  paleontologists  to  observe  this  rule 
and  the  tendency  on  the  part  of  the  stratigraphic  geologists 
to  base  their  correlations  mainly  on  lithologic  characters  have 
continually  made  futile  all  attempts  toward  an  accurate  corre- 
lation of  the  terranes  of  the  Upper  Devonian  for  southern  and 
eastern  New  York,  and  eastern  Pennsylvania. 

In  a  recent  article  is  the  statement  that  "  the  basal  beds  [of 
the  Oneonta  formation]  are  gray  flags  which  merge  into  the 
Hamilton  ;"f  but  no  data  is  given  in  favor  of  such  correlation 
and  I  suppose  the  opinions  of  other  geologists  were  followed. 

This  particular  part  of  the  series  is  one  to  which  the  writer 
of  this  paper  has  given  especial  attention,  not  only  so  far  as 
the  fossils  from  the  different  regions  and  horizons  are  concerned 
but  he  has  also  made  cross  sections  at  various  points  from 

*  Proc.  Am   Assoc.  Adv.  Sci ,  vol.  xxxiv,  1886.  p.  231. 

f  The  stratigraphical  relations  of  the  Oneonta  and  ChemuDg  formations  in 
eastern  Central  New  York ;  by  N.  H.  Darton.  This  Journal,  HI,  vol.  ilv, 
p.  206.  In  addition  see  on  p.  207  the  statement  that  the  Hamilton  is  exposed  at 
Lyon  Creek  bridge,  near  Oxford;  also,  that  "The  Chemung  rocks  to  which 
Mather  and  others  refer  lies  below  the  Oneonta  beds  or  about  1,000  feet  below 
the  actual  base  of  the  Chemung  horizon,  and  are  Hamilton  in  position.  This 
fauna  is  meagre  and  consists  of  species  supposed  by  Vanuxem  to  be  Chemung  in 
central  New  York,  but  now  known  to  be  Hamilton." 
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central  New  York  to  central  Pennsylvania  and  traced  the  con- 
tinuation of  the  different  zones,  so  that  he  feels  inclined  to 
speak  with  considerable  positiveness  in  reference  to  this  por- 
tion of  the  New  York  Upper  Devonian.  Moreover,  since  a  new 
geologic  map  of  New  York  is  in  process  of  coloration,  it  seems 
that  attention  should  be  called  to  the  correlation  of  this  particu- 
lar part  of  the  series.  Indeed,  most  of  the  statements  that  have 
been  made  during  the  last  ten  years  as  to  the  age  of  these  rocks 
are  not  so  accurate  as  the  conclusions  of  Vanuxem  over  fifty 
years  ago ;  so  that  if  this  area  be  colored  on  the  new  map,  as 
one  would  infer  from  these  occasional  statements,  the  map  for 
that  section  of  the  State  will  not  be  so  accurate  as  the  one  of 
1843.  These  remarks  apply  especially  to  that  part  of  the 
geologic  column  which  in  western  central  New  York  extends 
from  the  Genesee  shale  to  the  base  of  the  Chemung,  while  for 
central  and  eastern  New  York  and  Pennsylvania  from  the 
Marcellus  shale  to  above  the  lower  reds  and  grays,  called  the 
Oneonta  sandstone,  as  high  as  marine  fossils  have  been  found. 
Our  reason  for  differing  from  the  ordinary  statements  in 
reference  to  the  age  of  the  rocks  immediately  underlying  the 
Oneonta  sandstones  (which  compose  the  Oneonta  group  of 
Conrad)  will  be  much  more  clearly  understood  if  we  consider 
first  a  section  like  that  of  Cayuga  lake,  where  the  TuUy  lime- 
stone and  Genesee  shale  are  present  in  their  full  development, 
and  consequently  where  there  can  be  no  question  as  to  the 
upper  limit  of  the  Hamilton   stage  as  originally  defined  and 

f generally  understood  and  accepted.  The  bluffs  along  Cayuga 
ake  and  the  exposures  south  of  Ithaca,  which  have  been  care- 
fully studied  and  fully  described  by  Dr.  H.  S.  Williams  in 
various  publications,  afford  such  a  section.*  Along  the  shores 
of  Cayuga  lake  are  exposed  1,000  feet  of  argillaceous  shales  and 
sandstones  containing  an  abundant  and  typical  Hamilton  fauna. 
Capping  the  Hamilton  is  the  Tully  limpstone  varying  from  15  to 
rather  more  than  20  feet  in  thickness.  This  is  overlaid  by  the 
Genesee  shale,  a  very  fissile,  black,  argillaceous  shale  100  feet 
in  thickness  in  this  region  which  in  some  of  the  glens,  as  Bur- 
dick's,  is  capped  by  a  prominent  sandstone  nearly  four  feet  in 
thickness.  The  sandstone  marks  the  beginning  of  the  Portage, 
the  lower  division  of  which  is  composed  of  sandstone  and 
shales  containing  but  few  fossils  with  a  thickness  of  250  feet.f 
Succeeding  this  division  is  the  *' Ithaca  group"  of  Vanuxem, 
or  the  middle  Portage  of  Pfofessor  Williams,  with  a  thickness  of 

*See  particularly  Bull.  U.  S.  Geol.  Survey,  No  3,  1884  ;  also  Science,  vol.  i, 
old  series,  Oct.  16,  1880,  p.  190,  Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  xxx,  p.  1,  of 
reprint,  and  ibid.,  vol.  xxxiv,  p.  222. 

f  This  part  constitutes  the  entire  Portage  of  the  Cayuga  lake  region  as  de- 
scribed by  Professors  Hall  and  Vanuxem  in  their  final  reports.  See  Geol.  N.  Y., 
Ft.  IV,  p.  250,  and  ibid.,  Pt.  Ill,  p.  174. 
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450  feet.  Portions  of  this  divisioQ  contain  abnndant  foesiU 
and  the  faana  is  made  np  of  an  assemblage  of  Hamilton,  Por- 
tage of  western  Xew  York  and  a  few  species  which  are  found 
in  the  Chemans^,  together  with  those  that  are  pecaliar  to  the 
Ithaca  zone.  Following  the  "  Ithaca  group  "  are  dOO*  feet  of 
shales  containing:  onlv  a  few  fossils  which  are  mainly  the  same 
as  those  of  the  Lower  Portage.  Professor  Williams,  who  first 
noticed  and  described  this  zone,  called  it  the  Upper  Portage 
and  consequently  assigned  to  the  entire  Portage  of  the  Cayuga 
lake  region,  a  thickness  of  13<X)  feet.  Succeeding  these 
barren  shales  and  sandstones  are  shales  of  different  lithologie 
character  which  contain  the  regular  Chemung  fauna  as 
known  somewhat  farther  south  in  the  typical  locality  near 
Chemung,  and  possibly  row  with  better  exposures  near 
Waverly.  In  this  section  there  has  never  been  any  ques- 
tion as  to  the  upper  limit  of  the  Hamilton,  and  no  one  has 
proposed  to  call  the  rocks  of  the  ''  Ithaca  group  "  with  a  modi- 
fied Hamilton  fauna,  a  part  of  the  Hamilton  stage.  The 
Ithaca  fauna  was  correlated  differently  by  Yanuxem  who 
called  it  "  a  group  between  the  Portage  and  Chemung,"  and  by 
Professor  Hall  who  considers  it  the  lower  part  of  the  Chemung 
stage ;  but  both  of  these  geologists  overlooked  the  non-fossif 
iferous  zone  above,  which  was  observed  by  Professor  Williams, 
who  has  classified  the  rocks  of  this  section  in  a  perfectly  satis- 
factory manner. 

Now  if  we  consider  the  section  of  central  New  York  along 
the  Chenango  valley,  we  shall  find  a  decided  change  in  the 
order  of  the  stratigraphic  character  of  the  section,  although 
certain  zones  or  stages  may  be  and  have  been  traced  continu- 
ously by  several  geologists  from  Cayuga  lake  into  the  Che- 
nango valley.  The  Tully  limestone  and  Genesee  shale  are  two 
stages  which  have  been  followed  to  a  locality  near  Smyrna 
village  in  the  northern  part  of  Chenango  county.  To  be  sure 
they  are  much  less  in  thickness  than  where  exposed  on  Cay- 
uga lake,  still  there  is  no  question  that  they  represent  the 
same  geologic  horizon,  as  has  been  attested  by  every  ob- 
server who  has  gone  over  this  field.  It  was  so  understood  by 
Vanuxem,  in  184:2  ;t  more  definitely  described  by  Prosser  in 
1887  \X  the  Tully  limestone  mapped  with  this  eastern  exten- 

*For  the  thickness  of  these  divisions  of  the  Portage  see  Prosper  in  Trans!  Am. 
Inst.  Min.  Eng.,  vol  xvi,  p.  945 ;  also  for  the  thickness  of  the  Upper  Portage 
see  this  Journal,  III,  vol.  xxxii.  p.  193,  where  Professor  Williams  says:  '*  The 
fossiliferous  zone  at  Ithaca  is  separated  from  the  lowest  beds  containing  charac- 
teristic Chemung  fossils  by  about  600  feet  of  nearly  barren,  flaggy  and  ahaly 
deposits,  but  with  a  few  fossils  which  belong  to  the  characteristic  Portage  fauna." 

I  Geol.  N.  Y.,  Pt.  Ill,  pp.  164,  169  and  292. 

\  Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  xxxvi,  p.  210,  where  the  thickness  of  the  Q«ne- 
see  shale  isi  given  as  20  feet,  and  the  limestone  layers  and  calcareous  shales  as  25 
feet,  near  Upperville  in  Smyrna  township. 
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sion  by  Professor  S.  G.  Williams  in  the  same  year,*  and  finally 
so  indicated  by  Dr.  H.  S.  Williams  in  1890.t 

The  bearing  of  this  horizon  will  be  immediately  appre- 
ciated when  we  remember  that  Smyrna  is  in  the  Chenango 
river  valley,  while  Oxford  is  nineteen  miles  farther  south  m 
the  same  valley  near  which  place  it  is  stated  the  Hamilton  is 
exposed.  The  fossiliferous  zone  near  Oxford  is  well  exposed 
at  iforwich  and  on  the  hills  near  North  Norwich,  but  farther 
north  at  Sherburne  it  is  found  only  near  the  top  of  the  high 
hills  and  at  Smyrna  it  is  hardly  reached  at  the  summit  of  the 
highest  hills.  Some  of  the  species  belong  in  the  Portage  and 
many  occur  in  the  Hamilton,  among  which  are  those  slightly 
modified  from  the  Hamilton  forms.  The  recurrence  of  the 
Hamilton  species  in  the  higher  beds  has  probably  led  several 
geologists  to  refer  these  rocks  to  the  Hamilton  stage,  and  to 
ignore  the  clear  and  perfectly  conclusive  stratigraphic  evidence 
of  their  age.  The  most  authoritative  correlations  of  this  zone 
with  the  upper  part  of  the  Hamilton  stage  are  indicated  in  the 
following  foot  note.:]: 

The  Ptratigraphic  sequence  and  general  correlation  of  the 
Hamilton  and  Portage  stages  for  Chenango  and  Otsego  coun- 
ties were  described  by  the  writer  in  188 7  ;§  but  at  this  time  it 

♦  Sixth  An.  Rep.  State  Geol.  (N.  Y.]  for  1886,  p.  13 ;  and  see  map  facing  p.  28. 

f  Bull.  Geol.  See.  Am.,  vol.  i,  p.  489. 

J  In  the  Geol.  Surv.  N.  Y.,  Palseontology :  vol.  v,  Pt.  I.  LamellibTanchiata  IT, 
1885,  several  species  are  reported  from  localities  in  this  zone  which  is  called 
Hamilton;  as  Ooniophora  carinata  (Con.)  Hall,  from  Oneonta,  p.  302 ;  Microdon 
(Cypricardella)  complanatus  Hall,  below  Norwich,  p.  312;  Nuculites  cunei- 
formis  Con.,  at  Oneonta,  p.  326;  Paloeoneilo  arata  Hall,  "shales  of  the  Hamil- 
ton group,  near  Norwich,"  p.  342 ;  Prothyris  planulata  Hall,  near  Norwich,  p. 
460;  P.  lanceolata  Hall.  Norwich,  p.  461  ;  Phthonia  nodicostata  Hall,  near 
Oneonta,  p.  474:  and  finally  on  p.  517  is  the  statement  that  the  Oneonta  sand- 
stone '•  comes  in  at  about  the  close  of  the  Hamilton  period,  or  more  properly  may 
be  regarded  as  the  result  of  chansres  which  terminated  the  conditions  of  the  Ham- 
ilton gfroup,"  while  on  p.  518  the  Upper  Devonian  of  Otsego,  Delaware,  and  Che- 
nango counties  is  correlated  as  follows : 

'*  Catskill  group. 

Chemung     *' 

Oneonta  \  ^^^^«^  g^'^^P- 

}  Hamilton  (Upper). 

Hamilton  grotip." 

A  similar  statement  in  reference  to  the  age  of  these  rocks  occurs  in  ibid. 
Lamellibranchiata  I,  as  Leptodesma  Rogersi  Hall  is  reported  '•  in  the  shales  of 
the  Hamilton  group  at  Norwich,  Chenango  county,"  p.  177.  Finally,  in  1886, 
Professor  Hall  made  the  following  statement  in  reference  to  a  section  near  Ox- 
ford :  "  Tlje  results  of  the  most  recent  investigations  have  served  to  substantiate  my 
previous  published  statements,  and  clearly  show  that  the  Oneonta  sandstone  rests 
upon  well  marked  Hamilton  strata,  and  is  succeeded  by  strata  carrying  the  fossils 
of  the  Chemung  Group"  (Fifth  An.  Rep  State  Geologist  [New  York]  for  1885, 
p.  4).  Also  the  section  on  p.  1 1  represents  the  lowest  shales  and  sandstones  as 
belonging  to  the  *'  Hamilton  group,"  and  mentions  SpiHfera  mesastrialis,  Para- 
cyclas  lirataj  and  Polceoneilo  muta  from  these  beds. 

§  The  paper  was  read  at  the  New  York  meeting  of  the  Am.  Assoc.  Adv.  Sci.,  and 
an  abstract  published  in  vol.  xxxvi,  p.  210. 
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seems  important  to  indicate  more  of  the  data  upon  which  this 
classification  was  based.  The  upper  zone  of  the  Hamilton 
stage  as  exposed  in  the  creeks  and  railroad  cuts  near  Earlville, 
Smyrna  and  Sherburne,  which  was  called  the  "Sherburne 
group*'  by  Conrad,  is  composed  of  moderately  coarse  arena- 
ceous shales  which  alternate  with  more  argillaceous  and  calcare- 
ous shales  containing  abundant  fossils.  Along  Pleasant  brook 
above  and  below  the  Ontario  and  Western  railroad  station,  in 
the  edge  of  Smyrna  village,  as  well  as  farther  up  the  brook 
toward  ITpperville,  are  excellent  exposures  of  these  shales. 
Various  species  are  abundant  and  careful  search  would  be 
rewarded  by  a  large  list  of  Hamilton  fossils.  A  moderate 
search  has  afforded  the  writer  the  following  species  from  along 
Pleasant  brook  and  other  exposures  near  Smyrna  village,  Che- 
nango county. 


1.  Aiahoc(£Ha   urnbonata   (Con.)     Hall 

{aa)* 

2.  Sf)iri/era  Jirnhriata  (Con.)  Hall__(6-c) 

3.  Tropidoleptus  carinatus  (Con.)  Hall 

{ao) 

4.  Chonetes  coronata  (Con.)  Hall {cc) 

6.   Chonetes  deflecta  Hall  (?) (r) 

6.  Chonetes  setlgera  TIall  (c) 

7.  S])  ir  if  era  7nucronata  (Con.)  Bill-.(c) 

8.  ' 
9. 

10. 
11. 
12. 
13. 
14. 

15. 
10. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
20. 
27. 
28. 
29. 
30. 
31. 


34.  Gomophora  hamiltonensis  Hall.. (rr) 

35.  Goniophora  rugosa  (Con.)  Hall. _(rr) 

36.  Grammysia  arcuata  (Con.)  Hall--(r) 

37.  Modioniorpha  suhalaia  (Con.)   Hall 
{rr) 

38.  Leptodesma  Rogersi  Hall(?) {rr) 

39.  Pterinopecten  Vertumnus  tiaM (c) 

40.  Cypricardinia  indenta  (Con.)  Hall  (r) 

4 1 .  Modiella  pygmcea  (Con. )  Hall (rr) 

S])irifera  laedialis  Hall {rr)   42.  Microdon  { Cyp^'icardeUa)  beUistriatus 

Spin/era  granuUfera  Hall {a)  (Con. )Hall {rr) 

A  try  pa  reticularis  ( Linn . )  Dal (r)   43 .  Grammysia  constricta  Hall {rr) 

Athyris  spiriferoides  (Eaton)  Hall  {rr)    44.  Nucula  lirata  (Con.)  HaU (rr) 

Orthis  Vanuxemi  Hall {rr)    45.  Orthonota  carinata  Con (rr) 

Stro2)hodonta2)erplana{Con,)lla]l{rr)   46.  Leda  rosteUata  (Con.)  Hall {rr) 

Streptorhynchus  chemungensis  (Con.)    47 .  Faknoneilo  muta  Hall {rr) 

Hull (r)    48.  Fhthonia  cylindrica  B.a.\l {rr) 

Cy rtiud  Jia/nilfonerisis  llaU (rr)    49.  Mytilarca  {Plethomytilvs)  oviforniis 

(h-yptondla  planirostra  Hall (rr)  (Con.)  Hall (r) 

Chonetes  scitula  1  [all (c) ,  50.  Tellinopsis  subemarginata  (Con.)  Hall 

Ciniitaria  rtcurva  (Con.)  Hall {rr)  {rr) 

J\iracydas  tenuvi  Hull {rr)    51 .  Pterinea  JldbeUa  (Con.)  HaU {rr) 

Palimiieiln  ernarginata {Con.)  Rii\i{7-)    52.  Cimitaria  elongata  (Con.)  HaU _.(rr) 

Schizodus appressus {VjOW.)  Hall.. (rr)    53.  Phthonia  secUfrous  (Con.)  Hall_.(;T) 

PaUvmieilo  constricta  (Con.)  HalL(?T)    54.  Glytodesma  erectum  (Con.)  Hall. (rr) 

Nucalitcs  triqueter  Con. (c)    55.  Nucula  corhvliformis  HaU (?t) 

Nnndifrs  ohlongatus  Con {rr)    56.  Phacops  rana  (Green)  HaU (c) 

67. 

58. 


Pholadella  radiata  (Con.)  Hall (r) 

Orthonota  (/)  parvnla  Hall {rr) 

J^rothyris  lanrcolata  \  lull (rr) 

Marr  odon  hatn  ilton  in'  I  lull (r)    59. 

Ltda  dircrsa  Hall (rr)    60. 

Xurnla  hclhstriata  {(\n\.)  Hall  ..(rr)    61. 
Microdon.  {Ct/jnirardt'lla)  tenmstria-    62. 


Dahnanites  Boothi  (Green)  HaU  .(rr) 
Homalonotus  DeKayi  (Green)   Em- 
mons  --(^0 

Platyceras  carinaium  HaU (rr) 

Pie urotomaria  capillar ia  Con. (r) 

Coleolus  ienuicinctum  Hall {rr) 

Bellerophon  crenistria  HaU  .. (rr) 


fits  H all (77)  63.*  Bellerophon  Leda  HaU {rr) 

Modiomorpha  concvntrica  (Con.)  Hall  04.  Kucleospira  concinna  HaU [rr) 

(/•/•)  65.   Chonetes  mucronata  HaU {rr) 

Modiomorpha  in i/filoides  {Con.)  Hall  66.  Leiorhynchus  mtUticosta  Kail  ...{rr) 

0') 

*  The  r(»lative  ahiuidanco  of  the  species  is  indicated  as  follows : — aa  =  very 
abundant,  a  —  abundant,  cc  =  very  conunou,  c  =  common,  rr  =  very  rare,  r  =  rare. 


ti  ^ 
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On  the  upper  part  of  Pleasant  brook  between  live  and  six 
miles  from  Smyrna  village  is  an  exposure  of  Tully  limestone 
which  is  probably  the  one  mentioned  by  Vanuxem.*  The 
exposure  is  by  the  side  of  the  brook,  just  above  the  highway 
bridge,  where  26  inches  of  limestone  are  exposed  with  a  blue 
argillaceous  shale  below,  which  contains  plentv  of  fossils.  The 
following  species  were  obtained  from  this  shale : — 


1.  Spirifera  mucronata  (Con.)  Bill. .(a) 

2.  Vitulina  pustulosa  Hall (a) 

3.  Tropidoleptus  carinatus  (Con.)  Hall 

(r) 

4.  Modiella  pygmoea  (Con.)  Hall {rr) 


6.  Nuculites  ohlongatus  Con {rr) 

6.  Orthonota  undulata  Con (rr) 

7.  Palceoneilo  emarginata  (Con.)    Hall 

-(rr) 

8.  DcUmanites  Boothi  (Green)  Hall,  (r) 


About  one-half  mile  farther  up  the  brook  is  an  exposure  of 
black,  argillaceous,  iissile  shale,  fifteen  feet  in  thickness,  in 
which  an  excavation  has  been  made  in  search  of  coal.  No  fos- 
sils were  found  in  the  black  shales,  which  are  succeeded  by 
rather  thin  sandstones. 

There  is  a  moderately  steep  hill  west  of  Smyrna  village  and 
Pleasant  brook,  which  is  mostly  covered  above  the  gorge, 
thongh  there  are  occasional  exposures.  In  the  highway  near 
the  top  of  the  hill,  in  a  small  run,  are  smooth  blue  shales 
which  are  non-fossiliferous.  In  the  field  near  the  summit  of 
the  hill,  about  one  mile  west  of  Smyrna  and  from  475-500^ 
above  the  R.  R.,  is  a  small  excavation  that  was  made  in  search- 
ing for  flagging  stones.  The  rock  is  a  coarse  arenaceous  shale, 
not  as  blue  as  the  lower  exposure,  and  contains  a  few  fossils. 

The  following  species  were  obtained  : 


1.  Spirifera  mesacostalis  Hall (c) 

2.  SpiHferafimbHata  (Con.)  Bill. (?)  (r) 

3.  Cyrtina  hamiltonensis  Hall (c) 

4.  Leiorhynchus  mesocostalis  Hall  (c) 

5.  Productella  cf.  speciosa  Hall (r) 


6.  Atrypa  reticularis  (Lin.)  Dalman  (rr) 

7.  Chonetes  setigera  Hall (rr) 

8.  Atnbocodia    umhonata   (Con.)   Hall 

(r) 

9.  Phacops  rana  (Green)  Hall (rr) 


Below  Upperville  a  small  run,  on  the  western  side  of  Pleas- 
ant brook,  gives  a  section  from  the  fossiliferous  Hamilton 
shales  up  through  the  Tully  limestone  and  Genesee  black 
shales  into  the  overlying  barren  Portage.  The  shales  in  the 
lower  part  of  the  run  contain  specimens  of 

*See  Geol.  N.  Y.,  Pt.  Ill,  1842,  p.  164,  where  Yanuxem  says  under  "locali- 
ties where  observed. — The  first  point  going  west  is  on  the  turnpike  from  Sher- 
burne to  DeRuyter,  about  eight  miles  from  the  former  village."  Also  under  the 
geological  description  of  Chenango  county  it  is  stated: — "The  Tully  Wmestone 
was  seen  but  in  one  locality  at  the  north  western  part  of  Smyrna,  on  the  road  to 
DeRuyter  village  where  the  road  crosses  the  west  branch  of  the  Chenango,"  ibid.j 
p.  292.  This  outcrop  was  considered  by  Prof.  S.  G.  Williams  as  the  one  described 
by  Vanuxem  (Sixth  An.  Rep.  State  Geologist  [N.  Y.],  1886,  p.  18). 
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1.  Tropidoleptus  carinatus  (Con.)  Hall  |  4.  Orthis  Vanuxemi  Hall (rr) 

(a)  I  5.  Palceoneilo  emarginata  Con (rr) 

2.  Spirifera  mucronata,  (Con.)  Bill,  (rr)    6.  ^ucu/a  ^irato  (Con.)  Hall  (?) {rr) 

3.  Leiorhynchus  multicosta  Hall.._(r)    Y.  PAotoops  rana  (Green)  Hall (rr) 

Above  this  zone  about  twenty-five  feet  of  rather  sandy  lime- 
stone alternating  with  shales  are  exposed,  and  above  the  lime- 
stone twentv  feet  of  black,  fissile  shale  in  which  no  fossils  were 
found.  Overlying  the  black  shale  are  thin,  regular  sandstone 
layers,  one-fourth  to  one-half  inch  thick  which  at  first  alternate 
with   blocky,   blackish   argillaceous  shales.      The   sandstones 

f gradually  become  thicker  for  some  distance  and  then  are  over- 
aid  by  blue,  smooth  shales  which  weather  to  an  olive  color. 
Beyond  Upperville,  twenty-five  feet  above  the  highway  along 
which  the  black  shales  are  exposed,  a  small  quarry  has  been 
opened  in  the  sandstone  in  which  an  occasional  fossil  occurs. 
Some  search  revealed  only  the  following  forms : — 

1.  Lunulicardium  fragile  Hall {rr)    3.  Crinoid  stems. 

2.  Leiopteria sp (rr)        Leiorhynchus  mesocostcUis  Hall  (rr) 

A  single  specimen  of  the  last  species  was  found,  which  was 
not  surely  in  place  in  the  quarry,  but  possibly  came  from  higher 
up  the  hillside. 

The  section  on  the  upper  part  of  Pleasant  brook  and  the  one 
just  described  on  the  hillside  below  Upperville,  taken  in  con- 
nection with  the  one  up  the  hill  west  of  Smyrna  show  a  pas- 
sage from  blue,  argillaceous  shales  containing  an  abundant 
Hamilton  fauna,  up  through  the  impure  TuUy  limestone,  the 
black  Genesee  shale,  a  sandstone  zone  and  another  of  blue 
shale  into  coarse  arenaceous  shales  or  thin  sandstones  contain- 
ing a  meagre  fauna,  the  species  of  which  are  found  in  the 
Portage  and  Ithaca  groups.  It  seems  to  me  there  is  no  ques- 
tion but  that  the  section  passes  from  the  Moscow  shale  of  the 
upper  Hamilton  through  the  TuUy  limestone  and  Genesee 
shale  into  the  lower  Portage. 

At  Sherburne  there  are  not  such  clear  sections  of  the  transi- 
tion deposits  from  the  Hamilton  to  the  Portage,  as  at  Smyrna ; 
but  there  are  excellent  exposures  of  the  upper  Hamilton 
as  well  as  some  of  the  moderately  fossiliferous  overlying 
Portage. 

Along  Mad  brook  east  from  Sherburne  village  for  one  mile 
to  Harrisville,  rising  from  about  the  R.  R.  level  to  an  elevation 
of  240'  above,  at  the  reservoir  in  Harrisville,  are  numerous 
and  excellent  exposures  of  blue  argillaceous  shales  with  some 
coarse  blue  arenaceous  shales  forming  the  upper  portion  of  the 
Hamilton  stage.  A  limited  search  in  the  shales  along  Mad 
brook  yielded  the  following  species : — 
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1.  C^onefes  coronato  (Con.)  Hall _(aa)    26. 

?.  Cfianetes  setigera  Hall (aa)    27. 

3.  Chonetes  lepida  Hall    (rr)  \  28. 

4.  Spiriferamucronata  {Con.)  BiW. {aa)    29. 

5.  Spirifera  granulifera  Hall (rr)    30. 

6.  Spirifera  Jimbriata  (Con.)  Hall  (rr)    31. 

7.  Arnhocceliaumb<mata{Con.)lia\\{r)    32. 

8.  Athyris  spiriferoides  (Eaton)  Hall  ■  33. 

-- (r);34. 

9.  Orthis  Vanuxemi  Hall (r)    35. 

1 0.  Strophodonta  perplana  (Con )  Hall , 

W    36. 

11.  Strophodonta  inequistriata  (Con.)    37. 

Hall (a) 

12.  Strep torhynchus  chemungensis    38. 

(Con.)  Hall (r) 

13.  Tropidoleptus  carinafus  (Con.) Hall    39. 

(c) 

1 4.  Spirifera  tullia  Hall (rr)  ;  40. 

15.  Chonetes  mucronata  Hall    (rr)  j  41. 

1 6.  Chonetes  scitula  Hall (rr)    42. 

17.  Nuculites  triqueter  Con {aa) 

18.  Nuculites  oblongatus  Con (r)    43. 

19.  PateonetZocons^ricfa  (Con.)  Hall  (a)   44. 

20.  Palceoneilo  emarginata  (Con.)  Hall    45. 

(r)  46. 

21 .  Palceoneilo  muta  Hall (r)  47 . 

22.  Nuculahellistriata  {Con.)  KbW.-Ic)  48. 

23.  ^«cu/a  corftuh/ormis  Hall (r)  49. 

24.  Nucula  lirata  {Con  )  Hall (r)  50. 

25.  ParacycUis  tenuis  Hall (r)') 


Jfacrodon  hamiltonio!  Hall (rr) 

Modiella  pygmcea  (Con.)  Hall. .  .(c) 

Orthonota  {f)  parvula  Hall (r) 

Orthonota  carina ta  Con (r) 

Orthonota  undulata  Con --(»*) 

Cimitaria  elongata  {Con.)  Hall.-(r) 
Pholadella  radiata  (Con.)  Hall  {au) 

Prothyris  lanceolata  Hall {rr) 

Grammysia  arcuata  (Con.)  Hall  (c) 
Modiomorpha  mytiloides  (Con.)  Hall 

{rr) 

Sphenotus  solenoides  Hall {rr) 

Tellinopsis   subemarginata    (Con.) 

Hall {rr) 

Cypricardinia  indenta  (Con.)  Hall 

(rr) 

Microdon  {Cypricardella)  bellistri- 

atus  (Con.)  Hall {rr) 

Glyptocardia  speciosa  Hall {rr) 

Goniophora  hainiltonensis  Hall-(^) 
Mytilarca   {Plethomytilus)   ovifor- 

mis  (Con.)  Hall (r) 

Loxonema  delphicola  Hall (a) 

Pleurotomaria  capillaria  Con..(r) 

Bellerophon  Leda  Hall (r ) 

Bellerophon  acutilira  Hall {rr) 

Coleohis  tenuicinctum  Hall (r) 

Dalmanites  Boothi  (Green)  Hall  (c) 

Phacops  rana  (Green)  Hall (r) 

Homalonotus  De  Kayi  (Green)  Em- 
mons   {rr) 


About  one  mile  southeast  of  Sherburae  village  is  a  high  hill 
near  the  foot  of  which,  about  seventy-five  feet  above  the  R  R. 
level  or  1117'  A.  T.,*  are  somewhat  coarse  arenaceous  shales 
with  a  moderate  number  of  fossils,  principally  of  the  large 
species,  as  Spirifera  granulifera  Hall  and  its  usual  associated 
species.  The  fauna  is  distinctively  Hamilton  and  the  shales 
are  in  the  Hamilton  stage.  Then  for  a  distance  of  440'  the 
hill  slope  is  covered  and  at  an  elevation  of  515'  above  R.  R 
level  or  1557'  A.  T.,  there  is  an  outcrop  of  coarse  arenaceous 
shales  alternating  with  thin  blue  flagstones.  This  bed  contains 
some  fossils  and  the  fauna  is  the  same  as  that  of  the  highest 
exposures  on  the  hills  near  Smyrna.  The  blue  argillaceous 
shale,  black  shale  and  limestone  below  this  zone  are  not  shown 
in  this  section,  on  account  of  the  thick  deposit  of  drift. 

About  three  miles  north  of  Sherburne  is  the  Mulligan 
quarry,  at  the  top  of  a  high  hill,  which  furnishes  thin  blue 
flagstones  with  coarse  irregular  shales  above  them,  containing 
fossils  similar  to  those  near  the  top  of  the  hill  west  of  Smyrna 
and  the  one  southeast  of  Sherburne.  By  the  barometer,  this 
exposure  is  from  424'  to  446'  above  the  R.  R,  or  1466'  to 
1488'  A.  T. 


*The  R.  R.  station  at  Sherburne  is  1042'  A.  T. 
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At  North  Norwich,  five  miles  south  of  Sherburne  the  zone 
of  blue  argillaceous  shales,  with  no  fossils,  is  well  exposed 
along  Blue  or  Cold  brook,  about  76'  above  E.  R.  level  or 
approximately  1099'  A.  T.*  At  about  144'  above  R.  R.  or 
approximately  1167'  A.  T.,  is  the  base  of  the  zone  containing 
fossils.  This  zone  is  well  exposed  in  the  old  Harris,  now 
known  as  the  Wilkes,  quarry  which  was  mentioned  by  Van- 
uxemf  and  is  in  the  edge  of  Plymouth,  about  305'  above  R.  R 
level  or  approximately  1378'  A.  T.  Exposures  near  the  top 
of  the  hill  427'  above  the  R.  R.  or  approximately  1456'  A.  T., 
still  contain  the  same  fauna. 

In  the  Harris  or  Wilkes  quarry  the  following  species  were 
found : 

1.  Spirifera  mesacostalis  Hall (c)  13.  Goniophora  carinata  (C!on.)  Hall  (?) 

2.  Atrypa  reticularis  (Linue)  Dal.  (cc)  (r) 

3.  Leiorhynchus  mesocostalis  HaU  (c)  xhis  species  is  reported  from  Copley^s 

4.  Chonetes  scitula  Hall  (?) _ .  (a)  quarry  at  Oneonta.t     A  comparison  *  of 

This  species  is  abundant ;  but  in  the  specimens  from  the  two" localities  fails  to 

condition  of  impressions  renders  identifi-  prove  them  precisely  similar ;  but  the 

cation  difficult.     Some  of  the  specimens  North   Norwich   specimens  are  nearer 

approach  C.  setigera  Hall  in  form,  thougli  this  species  than  any  of  the  others  fig- 

thev  are  not  so  convex  near  the  umbo  as  ured  in  this  work, 

those  found  at  Ithaca.  14^  Modiomorpha  sp,  (a  broken  speci- 

5.  Chonetes  lepida  Hal] (rr)  men) (rr) 

6.  Cyrtina  hamiltonensis  HaM (rr)    15.  (f)  Olossites  depressiis  HaU. (rr) 

1.  Strophodonta  sp, , (rr)       A  single  specimen  which  apparently 

Two  imperfect  impressions  which  are    belongs  to  this  genus  and  species. 
simUar  to  S.  perplana  (Con.;  Hall.  ig,  Palcsoneilo  constricta  (Con.)  HaU 

S»  Productella  sp.  .  .     (c)  (it) 

9.  Microdon  (Cypricnrdella  (beUistri-    1 7.  Orthis  sp (rr) 

ata  (Con.)  Hall  or  M.  tenuistri-    18.  Leptodesma  cf  Rogersi  Hall (r) 

ata  Hall A^  '      These  specimens  do  not  have  as  mu- 

A  single  specimen  which  has  the  pro-  cronate  ears  as  most  of  those  figured ; 
portions  of  M.  bellistriata  as  well  as  but  some  of  them  resemble  closely  the 
those  of  the  elongated  form  of  M.  \  one  figured  on  pi.  21,  fig.  9  (Pal.  N.  Y., 
tenuistriata  Hall  (see  PI.  73,  fig.  28).  It  \  vol.  v,  Pt.  I,  Lamell.  1),  which  is  stated 
is  impossible  to  determine  whether  the  '  to  be  from  the  Hamilton  shales  at  Nor- 
specimen  has  the  fine  striae  of  M.  te-    wich,  N.  Y. 

nuistriata  or  the  coarse  striae  of  M.    19,  Streptorhynchus  cJiemungensis 
bellistriata.  (Con.)  Hall (r) 

10.  Para^yclas  lirata  (Con.)  Hall..(n')    20.  Actinopteria  Boydi  (Con.)  Hall  (rr) 

11.  Cimitaria  recurva  (Con.)  Hall..(r)  |  21.  Phacops  rana  (Green)  HaU (rr) 

12.  PaUeoneilo  emarginata  (Con.)  Hall 

{rr)\ 

Of  the  seventeen  species  specifically  identified  in  the  above 
list,  counting  those  that  are  questioned,  there  are  twelve  that 
occur  in  the  "  Ithaca  group  "  at  Ithaca.  The  general  range  of 
the  other  five  species  is  as  follows : 

*  The  R.  R.  station  at  North  Norwich  is  about  1023'  A.  T. 
t  See  Geol.  N.  Y.,  Pt.  Ill,  1842,  pp.  178,  293. 

X  Pal.  N.  Y.,  vol.  V,  Pt.  I,  Lamell.  II,  p.  302;  see  pi.  44,  fig.  7  for  figure  of 
form  similar  to  the  North  Norwich  specimen. 
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PdfcLcyclaa  lirata  (Con.)  Hall,  common  in  the  Hamilton  of 
central  and  eastern  New  York,  and  then  extends  well  up  into 
the  Portage;  Cimitaria  recurva  (Con.)  Hall,  Hamilton  of 
central  New  York  and  reported  from  Mt.  Upton*  which  is 
near  the  same  horizon  as  the  Norwich  and  Oneonta  zone; 
Goniophora  carinata  (Con.)  Hall,  from  Oneonta  and  Mt. 
Upton  and  consequently  in  this  zone;  Leptodesma  Rogersi 
Hall,  in  the  upper  Hamilton  and  at  Norwich  ;f  and  Phacops 
rana  (Green)  Hall,  is  reported  doubtfully  from  the  Upper 
Helderberg  and  occurs  in  the  Marcellus,  Hamilton,  Tully  lime- 
stone, and  Chemung.  Consequently  it  is  clear  that  so  far  as 
the  fossils  are  concerned  this  list  shows  a  closer  relationship 
with  the  '^  Ithaca  group,"  as  stated  by  Vanuxem  in  18424  than 
with  any  other  stage.  To  be  sure  most  of  the  species  occur 
in  the  Hamilton  stage,  but  so  do  the  majority  of  the  species 
found  in  the  "Ithaca  group"  at  Ithaca,  and  judged  by  that 
alone  the  zone  might  be  referred  to  the  Hamilton  instead  of 
the  Portage  where  its  stratigraphical  position  and  other  evi- 
dence show  it  to  belong. 

At  Norwich,  six  miles  south  of  North  Norwich,  the  base  of 
this  zone  has  been  carried  by  the  dip  below  the  surface.  A 
number  of  observations  along  the  Chenango  valley  indicate 
the  dip  to  be  between  35  and  40  feet  per  mile  for  that  region. 
The  high  hill  west  of  Norwich  affords  a  good  section  of  550 
feet.  At  the  base  of  the  hill  on  the  Canaswacta  creek  are  the 
lowest  rocks,  at  an  approximate  elevation  of  985',  which  are 
bluish  rather  arenaceous  shales  containing  fossils.  At  1140'  is 
the  base  of  an  old  quarry  which  runs  up  to  1193'  and  in  this 
quite  a  good  many  fossils  were  found.  The  most  common 
species  are  Paracyclas  liruta  Con.,  Chonetea  scitula  Hall, 
Tropidoleptus  carinatus  Con.,  RJiynchonella  Stephani  Hall  (?) 
and  Atrypa  reticularis  (Linn6)  Dal  At  1230'  are  the  last 
shales  containing  fossils  below  the  reds  and  grays.  The  most 
abundant  fossils  are  segments  of  crinoid  stems,  but  with  these 
are  specimens  of  Paracyclas  lirata  Con.  and  (Jypricardella 
{Miorodmi)  hellisi/riata  (Con.)  Hall.  At  1262'  are  rather  fine 
fissile  shales  which  are  succeeded  by  coarse  sandstones  at  1370'. 
A  prominent  concretionary  sandstone  occurs  at  1410'  and  at 
1460'  is  a  coarse  gray  sandstone.  The  first  red  shale  resting 
^n  thin  fissile  olive  shales,  occurs  at  1475'  and  in  the  red  shales 
at  about  1479'  is  a  somewhat  calcareous  layer  with  pebbles  con- 
taining numerous  fish  scales  which  are  found  to  a  less  extent 
in  tKe  red  shales  close  to  this  stratum.     The  red  shale  stops 

*  Pal.  N.  Y.,  vol.  V,  Pfc.  I,  Lamell.  II,  p.  468. 
\  Ibid.,  Lamell.  I,  p.  17 1. 

J  See  Geol.  N.  Y.,  Pt.  Ill,  p.  178,  where  this  quarry  is  described  under  the 
liead  of  the  Ithaca  ^oup. 

Am.  Jour.  Soi.— Thiud  Series,  Vol.  XLVI,  No.  273.— Sept.,  1893. 
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near  the  altitude  of  1500'  and  is  succeeded  by  coarse  gray 
sandstone  which  continues  to  the  top  of  the  hill  with  an 
approximate  altitude  of  1555^  At  1535'  is  Orandall's  flag- 
stone quarry  in  coarse  gray  sandstone.  In  a  cut  on  the 
D.  L.  &  W.  R.  R  less  than  one-half  mile  north  of  the  station, 
and  in  the  quarries  along  Ransford  creek,  toward  the  reservoir 
northeast  of  the  village,  are  excellent  places  for  collecting 
fossils. 

In  a  small  creek  about  one  mile  north  of  Oxford  or  seven 
miles  southwest  of  Norwich  are  exposures  of  shale  containing 
the  same  fauna  as  at  Norwich,  though  this  is  near  the  upper 
part  of  the  zone  which  soon  disappears  beneath  the  surface. 
On  the  eastern  side  of  the  Chenango  valley,  at  the  Lyon 
Brook  Brldffe  of  the  O.  &  W.  R.  R.  is  a  good  section  showing 
the  top  of  tne  Oneonta  zone  in  the  creek  below  the  bridge 
with  the  lowest  red  shales  about  150  feet  higher,  in  an  old 
quarry  just  east  of  the  south  approach  to  the  bridge.  This 
section  was  briefly  described  by  Dr's  C.  E.  Beecher,  J.  TV.  Hall 
and  Mr.  C.  E  Hall.*  In  addition  to  the  species  mentioned, 
the  writer  found  fronds  of  Archoeopteris  in  the  lower  red  shale 
near  the  railroad  bridge,  while  still  higher,  in  the  zone  of  the 
Oneonta  sandstone  in  the  first  R.  R.  cut  north  of  the  2l8th 
mile  post,  are  specimens  of  Amnigenia  catskiUensis  (Van.) 
Hall,  and  plates  of  Holonema  rugosa  (Claypole)  Newb.f 
Between  Oxford  and  the  summit  on  the  O.  &  W.  R.  R.  and 
about  one-sixth  of  a  mile  west  of  the  2l4th  mile  post,  is  a  cut 
through  red  and  greenish  shales  in  which  fossils  occur  as 
described  in  the  above  mentioned  report.  One-quarter  of  a 
mile  east  of  the  Summit  in  another  R.  R.  cut  are  greenish  and 
olive  shales  containing  numerous  fossils  overlying  the  Oneonta 
sandstone. 

A  similar  section  may  be  constructed  along  the  Susquehanna 
River  from  Oneonta  to  Bainbridge.  In  the  Anthony  White 
quarry,  at  the  foot  of  the  high  hill  just  west  of  Oneonta,  are 
abundant  fossils  that  belong  in  the  ^'  Oneonta  group  "  of  Con- 
rad, which  continues  up  the  hill  for  about  200  feet,  the  upper 
portion  being  composed  of  the  Oneonta  sandstone  of  Yanux- 
em.  The  rocks  at  the  base  of  this  hill,  or  Conrad's  "  Oneonta 
group,"  were  correlated  quite  accurately  by  Vanuxem,  who 
stated  that  he  supposed  them  to  belong  to  the  "  Ithaca  group.":}: 
Through  the  kindness  of  Dr.  H.  S.  Williams  I  am  able  to 
quote  from  his  Ms.  list  of  the  fossils  collected  in  the  Anthony 

*  Fifth  Ann.  Rep.  State  Geologist  [N.  Y.J  1885,  p.  11 ;  seo  page  4  for  credit. 

f  For  an  account  of  these  plates  see  Dr.  H.  S.  Williams  in  Proc.  Am.  Assoc.  Adv. 
Sci.,  vol.  xxxix,  p.  3H7  ;  Prof.  Claypole  in  Am.  Geologist,  vol.  vi,  pp.  255-257, 
and  Prof.  Cope  in  Proc.  U.  S.  Nat.  Mus.,  vol.  xiv.  p.  456. 

X  Geol.  N.  Y..  Pt.  Ill,  p.  192.  The  clause  reads,  "the  base  of  which  [hill]  is 
composed  of  rocks  which  I  have  supposed  to  belong  to  the  Ithaca  g^roup." 


Portage  Stages  of  New  York. 


227 


White  qparry.  The  zone  is  called  the  Paraeyclas  lirata  stage 
of  the  HaTuilton  fauna  and  its  etratigraphie  position  was  shown 
by  Dr.  WilliamB  in  1885.*  A  list  of  these  species  with  their 
geologic  range  is  given  below. 

■'  Geologic  Stage.f 


^Ifll^ 


1  JHcrodtm   {Cyprieardflla)    betlistriata  ' — 

(Con.)  Hall ■_. 

2  PcartKycteu  lirata  ICou.)  KM ,. 

S.Tropidoleptui  carinatiU  (Con.)  Hall '.. 

4l  ita&wnwito  maarfma  (Con.)  Hall ,, 

ilOrammysia  mayna  Hall i.. 

eiOrammyaia  bitalcata  (Coa.)  EM ' 

rCimitaria  recun'a  (Con.)  Hall  (7). 

8' Tellinopaia  anbemargiruita  (Cod.)  Hall  ..'.. 
9' Modiomorpha  concimtTica  (Con.)  Hall  ..  .. 

0  Spirifem  mueronata  (Oon  )  BUI i ,. 

1  GoniOphora  curinato  (Con.)  Hall ,. 

2  Homalanotus  De  Kayi  (Qreea)  Emm |.. 

3  Mtcurttes  (riffUebi- Cton ., 

4  Microdon  {Cypricardella)  grtgariyia  Ha!li .. 

5  Leplodexma  Rogersi  Hall 

6  Leiopteria  De  Kayi  Hall |.. 

7  Ortho7U>tav.ndulataCon. 

8  Mifrodon  (CyprirardelUl)   compfontttu* , 

Hall - .. 

9  Pleurolomaria  tatcomarffiaata  Coo x 

0  i^ii^era  meaastriatis  HalL I.. 


:    7      S        9     10 


•  Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  xxxiv,  Chart  of  Meridional  Sections  of  the 
Upper  DeTonian  deposits  of  Sew  York,  PennaTlvaDiH  and  Ohio,  Section  X.  A' ; 
where  the  Paraeyclas  fauns  (A'|,  is  shown  immediately  underlying  the  Oneonta 
reds  and  grays,  (B"). 

t  The  data  used  in  showing  the  geologic  range  of  the  species  in  the  above  list 
are  derived  principally  from  the  various  works  of  Professors  Hall,  H.  S.  Williams 
and  Prosser.  The  distribution  is  oonSned  to  New  Yort  and  eaaleru  Pennsyl- 
vania which  have  tieen  studied  with  such  care  that  the  evidence  can  be  used 
with  considerable  force  iu  this  correlation.  The  range  of  a  portion  of  the  species 
repotted  from  the  Portage  of  eastern  New  York  and  Pennsylvania  depends  upon 
lists  of  the  author,  which  have  not  yet  been  publislied.  The  horizon  of  this 
eastern  fauna  is  clearly  above  the  Hamilton,  but  we  liave  not  yet  sufficient  evi- 
dence to  attempt  its  correlation  with  the  difEerent  zones  of  the  Portage  in  central 
and  western  New  York. 

t  The  horizon  of  the  species  reported  by  Professor  Hall,  and  some  other  authors, 
from  the  Hamilton  of  eastern  New  York  is  believed  to  require  furtlier  investiga- 
tion.    The  writer  has  evidence  sliowing  that  a  portion  of  these  localities  really 
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Of  the  twenty  species  named  in  the  above  list  fourteen  are 
known  to  occur  above  the  Hamilton,  while  five  of  the 
remainder  are  reported  from  the  Hamilton  of  eastern  New 
York,  which  as  stated  above  needs  revising  since  some  of  the 
so-called  Hamilton  horizons  are  in  the  Portage,  and  only  one 
species  so  far  as  previously  known  occurred  no  higher  than 
the  Hamilton  stage. 

At  Sidney,  twenty-one  miles  southwest  of  Oneonta,  the  top 
of  the  Oneonta  sandstone  is  reached  in  the  hill  forming  the 
divide  between  the  Susquehanna  and  TJnadilla  Rivers  north- 
west of  the  village. 

In  Secor's  quarry,  about  140  feet  above  the  railroad  level 
at  Sidney*  are  grayish  to  olive  standstones  with  greenish  and 
bluish  argillaceous  shales.  Plant  and  crinoid  stems  were  found 
in  the  debris  of  the  quarry,  while  near  the  top  of  the  hill  are 
loose  slabs,  with  no  indications  of  having  been  moved  any 
considerable  distance,  containing  poorly  preserved  specimens 
of  Leiorhynchus  and  Lamellibranchs.  At  New  Berlin 
Junction  on  the  Ontario  &  Western  R  R.,  two  miles  from 
Sidney,  or  at  Bainbridge  five  miles  down  the  Susquehanna 
River  are  numerous  specimens  of  fossils  which  in  both  cases 
overlay  the  zone  of  the  Oneonta  sandstone. 

The  difficulty  in  correlating  these  deposits  in  which  part  of 
the  stratigraphic  series  has  disappeared  and  paleontologically 
many  of  the  species  common  in  the  rocks  below  reappear  in 
the  higher  rocks,  in  some  cases  unchanged  and  again  slightly 
modified,  may  be  overcome,  it  is  believed,  by  carefully  study- 
ing both  the  fauna  and  the  stratigraphic  relations  of  the  rocks. 
This  test  has  been  made  by  the  writer  in  southeastern  New 
York  and  eastern  Pennsylvania,  where  in  the  absence  of 
the  Tully  limestone  and  Genesee  shale,  the  problem  is  about 
the  same  as  that  presented  along  the  Susquehanna  River 
valley,  and  he  believes  it  possible  to  separate  the  Hamilton 
from  the  overlying  rocks  of  Portage  age  by  the  faunas  con- 
tained in  the  respective  stages. 

belongs  stratigraphically  above  the  horizon  of  the  Tully  limestone  and  Genesee 
shale.  Consequently  it  was  considered  best  to  give  a  separate  column  to  those 
species  separated  from  the  Hamilton  of  eastern  New  York,  some  of  which  should 
probably  be  credited  to  the  Portage. 

§  Most  of  the  species  given  in  this  column  are  from  central  and  western  New 
York. 

II  Mainly  from  Ithaca  and  vicinity,  forming  the  middle  Portage  of  that  region. 

•jf  This  is  the  Oneonta  zone  of  Conrad  and  the  occurrence  of  the  species  at 
other  localities  than  Oneonta,  mainly  from  Norwich  and  Mt.  Upton,  Chenango 
County,  is  given. 

**  The  species  reported  from  the  Portage  of  eastern  New  York  and  Pennsyl- 
vania are  mainly  from  my  own  lists. 

*  Elevation  of  station  at  Sidney  992''  A.  T. 
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The  Pennsylvania  geologists  have  been  inclined  to  call  the 
upper  stage  Chemung,*  while  some  of  the  oflScial  geologists 
oi  New  1  ork  have  called  the  same  rocks  Hamilton,  because 
certain  species  of  fossils  more  or  less  common  in  the  Hamilton 
stage  occur  in  these  rocks.  At  the  Washington  meeting  of 
the  International  Congress  of  Geologists,  a  series  of  these 
fossils  arranged  in  their  stratigraphic  order  was  exhibited  to 
several  geologists  and  Dr.  H.  S.  Williams  recognized  the 
difference  in  age,  thus  proving  that  a  careful  study  of  these 
faunas  will  enable  one  to  separate  them. 

In  order  to  show  the  nature  of  this  fauna,  a  list  of  the 
species  noted  along  the  Delaware  River  above  Port  Jervis, 
New  York  is  given.     From  the  Hamilton  were  obtained  : — 


1.  Spirifera  granuUfera  Hall (aa) 

2.  Spirif&f-a  mucronata  (Con.)  BilL(aa) 

3.  TropidoleptiLS  carinatas  (Con.)  Hall 

{aa) 

4.  Orthis  Vantixemi  Hall (a) 

5.  Chonetes  coronata  (Con.)  Hall (r) 

6.  Ambocoelia  umbonata  (Con.)  Hall  (rr) 
*I.  LeiorhynchiLS  multicosta  Hall (rr) 

8.  C honetes  setigera  Hall (a) 

9.  Chonetes  scitula  Hall (c) 

1 0 .  Nucleospira  concinna  Hall (rr) 

11.  A  thyris  spiriferoides  (Eaton)  Hall  (rr) 

1 2.  Cyrtina  liamiltonensis  Hall {rr) 

13.  Palceoneilo  constricta  (Con.)  Hall  (r) 

14.  NucvXites  triqueter  Con (rr) 

15.  Palceoneilo  emarginata  (Con.)   Hall 

{rr) 

16.  Nucvla  heUistriata  {(jOXi.) 'RdXl {rr) 

17.  Palasoneilo  muta  HaYL {rr) 

18.  Palosoneih  maxima  {Qou.)  Hall. .(rr) 

19.  Nucula  corbuliformis  Hall {rr) 

20.  NucvXites  cuneiformis  Con. (rr) 

21.  Goniophora  hamiltonensis  (Hall)  Mill. 

(rr) 

22.  Microdon  {Cypricardella)  tenuistria- 

^twHall(?) (r) 

23.  Tellinopsis  suhemarginata  (Con.)  Hall 

{rr) 

24.  PJioladella  radiata  (Con.)  Hall  ..{rr) 

25.  Leda  diversa  Hall {rr) 


26.   Grammysia  hisulcata  (Con.)  Hall  {rr) 
2*1,   Cimitaria  corrugata  (Con.)  Hall  .(rr) 

28.  Actinopteria  Boydi  (Con.)  Hall  ..{rr) 

29.  Modiomorpha  concentrica  (Con.)  Hall 

{rr) 

30.  Microdon  { Cypricardella)  beUistriahis 

(Con.)  Hall {rr) 

3 1 .  Nitculites  oblong atus  Con (r) 

3  2.   Grammysia  constricta  Hall {rr) 

33.   Orthonota  undulata  Con {rr) 

1  34.  Paracyclas  lirata  (Con.)  Hall {rr) 

35.  Orthonota  (?)  parvula  Hall (r) 

36.  ModieUa  pygmoBa  (Con.)  Hall {rr) 

37.  Pterinea flabellata  (Con.)  Hall  ..(rr) 

38.  Leda  rostellata  (Con.)  Hall {rrY 

39.  Glyptodesma  erectum  (Con.)  Hall .  {rr) 

40.  Hyolithes  aclis  Hall {rr) 

4 1 .  Tentaculites  beUulus  Hall (r) 

42.  Coleolus  tenuicinctum  HalL {rr) 

43.  Cyrtolites  (Cyrtonella)  pileovs  Hall 

{rr) 

44.  Loxonema  hamiltonioe  Hall {rr) 

45.  Bellerophon  Leda  Hall {rr) 

!  46.  Bellerophon  acutilirata  Hall {rr) 

47.  Homalonotus  DeKayi  (Green)  Emm. 

{rr) 

48.  Dalmanites       (Cryphceus)       Boothi 

(Green)  Hall  (?) {rr) 

49.  Psilophyton  princeps  Dn (rr) 


The  fossils  of  the  above  list  were  all  collected  from  expos- 
ures along  the  Delaware  Kiver  or  the  neighboring  hills  not 
more  than  two  and  one-half  miles  above  rort  Jervis.  The 
age  of  the  formation  is  Hamilton,  although  it  has  been  mapped 
and  described  as  Hamilton  and  Genesee.f 

*  For  a  discussion  of  a  section  in  reference  to  this  view  see  an  article  by 
Prosser  in  this  Journal,  vol.  xliv,  p.  210,  where  the  question  is  discussed  in  detail. 

f  See  2d  Geol.  Survey  Penna.  G®,  p.  194,  and  especially  the  geological  map  of 
Pike  and  Monroe  counties  accompanymg  this  report. 
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The  next  higher  zone  is  well  exposed  along  the  sonth  bank 
of  the  river  both  below  and  above  the  N.  T.,  L.  E.  &  W.  R.  R. 
bridj^e,  three  miles  northwest  of  Port  Jervis.  The  following 
species  were  obtained  from  this  locality  : — 


1.  Spirifera  mesastrialis  Hall (rr) 

2.  PcbUBoneilo  emarginata  (Con.)  Hall 

....(n-) 

3.  Leda  diversa  Hall (r) 

4.  Microdon     (Cypricardella)     tenui- 

striata  Hall  (?) (rr) 

Possibly  it  is  M.  gregarius  Hall,  but 
it  resembles  the  former  more  closelv. 

5.  Orthonota  carinata  Con (rr) 


6.  Palceoneilo  plana  Hall (rr) 

7.  Paracyclas  lirata  (Con.)  Hall..(rr) 

8.  Grammystafu&arcuato  Hall  (?)(rr) 

9.  Modiomorpha  subalata  (Con.)  Hall 

var.  diemungensis  Hall(?)  ..(rr) 

10.  Actinopteria  Boydi  (Gon.)  HaU.(a) 

1 1.  Homalonotus  DeKayi  (Green)  Em> 

mons (rr) 


The  zone  from  which  the  above  species  were  obtained  was 
called  Chemnng  by  the  Pennsylvania  Survey  ;*  still  the  fauna 
is  not  a  Chemung  but  a  modified  Hamilton  one  and  the  zone 
belongs  to  the  Portage  stage  of  central  and  eastern  New 
York. 

It  seems  clear  to  the  writer  that  the  above  lists  of  fossils 
with  the  statement  of  their  stratigraphic  position  show  that 
the  fossiliferous  zone  underlying  the  Oneonta  sandstone  in 
Chenango  and  Otsego  counties  is  not  the  top  of  the  Hamilton 
but  belongs  in  the  Portage  stage.  It  appears  to  be  well  estab- 
lished by  careful  study  that  tne  typical  Hamilton  fauna  and 
•  the  higher  or  modified  faunas,  when  considered  in  connection 
with  their  stratigraphic  position,  may  be  traced  for  a  long  dis- 
tance across  eastern  New  York  and  Pennsylvania.  The  facts 
briefly  described  in  this  paper,  which  have  required  a  con- 
siderable amount  of  investigation  and  study,  are  commended 
to  the  attention  of  those  engaged  in  the  preparation  of  the 
new  geologic  map  of  New  York. 

Topeka,  Kansas,  May,  1893. 


*  Ibid.^  p.  194,  where  it  is  stated  that  the  Chemung  commences  about  one-half 
mile  above  the  Erie  railroad  bridge  and  continues  down  the  river  for  nearly  two 
miles.     See  also  the  geological  map  with  the  report. 
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Art.  XXXIV. — On  the  Estimation  of  Chlorates  and  Nitrates^ 
and  of  Nitrites  and  Nitrates  in  one  operation  ^  by 
Charlotte  F.  Egberts. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XXVII.] 

A  RECENT  paper  by  Gooch*  and  Graener  has  shown  that 
nitrates  may  be  estimated  most  accurately  by  treatment  with 
manganese  chloride,  the  chlorine  thus  liberated  being  col- 
lected in  potassium  iodide,  and  the  amount  of  iodine  set  free 
determined  by  titration  with  sodium  thiosulphate.  In  a  late 
number  of  this  Journal,f  I  have  shown  that  good  results  are 
also  obtained  by  treatment  of  the  nitrate  with  ferrous  chloride, 
and  collecting  and  measuring  the  nitric  oxide  evolved  over 
sodium  hydroxide  with  the  apparatus  described  and  pictured 
in  that  article. 

This  apparatus  consists  essentially  of  a  small  retort  fitted 
with  a  hollow,  ground-glass  stopper  prolonged  beneath  in  a 
tube,  and  joined  above  with  two  branching  tubes  through  one 
of  which  carbon  dioxide  may  enter,  and  the  other  of  which  is 
attached  to  a  funnel-tube  with  stop-cock,  through  which 
liquids  may  be  introduced  without  admitting  air.  The  retort 
is  connected  with  a  small  condenser,  which  in  turn  is  attached 
to  a  Will  and  Varrentrapp  tube  containing  potassium  iodide, 
and  this  with  a  Hempel's  burette  containing  a  strong  solution 
of  sodium  hydroxide.  In  the  experiments  described,  the 
potassium  nitrate  was  introduced  into  the  retort,  carbon  di- 
oxide passed  through  until  the  air  was  completely  driven  out, 
and  then  ferrous  chloride  added  through  the  funnel-tube. 
After  heating,  and  passing  a  current  of  carbon  dioxide  through 
the  apparatus,  the  volume  of  gas  unabsorbed  by  sodium 
hydroxide  was  measured  at  the  observed  temperature  and 
pressure,  and  from  this  the  weight  of  potassium  nitrate  was 
calculated.  This  is  merely  a  special  form  of  a  very  common 
method  of  estimating  nitrates,  but  the  apparatus  is  in  a  form 
which  can  be  conveniently  handled  and  which  readily  adapts 
itself  to  other  uses  beside  the  simple  determination  of  nitrates. 
In  a  mixture  of  chloric  and  nitric  acids,  for  example,  it  be- 
comes possible  by  a  combination  of  the  two  above-named 
methods  for  estimating  nitrates,  and  the  use  of  the  apparatus 
described,  to  determine  in  one  operation  the  amounts  of  each 

E resent.     A  method  for  the  determination  of  chlorates  which 
as  long  been  in  common  use  consists  in  treatment  with  hydro- 

*This  Journal,  vol.  xHv,  117. 
t  Vol.  xlvi,  p.  126,  August,  1893. 
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chloric  acid,  the  liberated  chlorine  being  conducted  into  potas- 
sium iodide,  and  the  iodine  set  free  oetermined  by  titration 
with  sodium  thiosulphate.  This  method  is  entirely  analogous 
to  the  first  mentioned  method  of  determining  nitrates,  the 
only  diflEerence  being  that  in  the  latter  case  a  solution  of  man- 
ganous  chloride  in  hydrochloric  acid  is  used  instead  of  the  acicj 
alone.  In  case  of  the  nitrate,  however,  there  is  a  second 
product,  nitric  oxide,  which  may  be  collected  and  measured. 
It  would  then  seem  possible,  with  the  use  of  the  apparatus 
heretofore  described,  to  treat  a  mixture  of  a  chlorate  and 
nitrate  with  manganous  chloride,  pass  the  resulting  gases 
through  potassium  iodide,  and  then  into  the  Hempel's  burette. 
The  amount  of  nitric  oxide  will  give  at  once  the  amount  of 
nitrate  present.  The  iodine  liberated  will  give  the  total  chlo- 
rine set  free  by  the  reduction  of  the  nitrate  and  chlorate. 
After  that  which  is  due  to  the  nitrate  determined  has  been 
deducted,  we  have  an  exact  measure  of  the  chlorate  present. 

To  verify  these  presumptions,  a  few  preliminary  experi- 
ments were  first  made  with  potassium  chlorate  alone.  In 
these,  and  all  of  the  following  experiments,  great  care  was 
taken  that  the  escaping  gases  should  only  come  in  contact 
with  glass.  Between  the  condenser  and  Hempel's  burette  were 
two  Will  and  Varrentrapp  tubes  sealed  together  and  contain- 
ing potassium  iodide,  and  generally  a  Geissier  bulb  containing 
potassium  iodide  was  also  added  to  make  sure  that  no  chlorine 
escaped  absorption.  The  potassium  chlorate  was  weighed  out 
and  introduced  into  the  retort,  air  driven  out  by  carbon 
dioxide,  and  then  manganous  chloride  added  through  the 
funnel-tube.  The  liquid  became  dark  at  once,  and  a  short 
heating  sufficed  to  restore  it  to  its  original  clear,  light-green 
color.  When  this  was  accomplished,  a  current  of  carbon  di- 
oxide was  passed  through  the  apparatus,  the  bulbed  tubes  were 
disconnected,  and  their  contents  titrated  with  sodium  thiosul- 
phate.    The  following  results  were  obtained  from  five  trials : 


(1) 

(2) 
(3) 

(5) 

Working  in  the  same  way  with  a  mixture  of  potassium 
chlorate  and  potassium  nitrate,  and  estimating  the  amount  of 
nitrate  first  from  the  nitric  oxide  produced,  the  following 
results  were  obtained  : 


K:C108  taken. 

Wt.  KClOs  found. 

Difference 

0-1000 

0-0990 

0-0010 

0-1000 

0-0995 

0-0005 

0*0500 

0-0484 

0-0016 

00500 

0-0498 

00002 

0-0500 

0-0496 

0-0004 
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Weights  taken. 

chlorate     0-0500 
nitrate       0-0500 


Weights  found. 
0-0515 
0-0494 

0-0508 
0-0493 

0-0987 
0-0995 

0-lOOV 
0-0980 

0-0305 
0-0990 

0-1006 
0-0293 


Difference. 
00015 
0-0006 

0-0008 
0-0007 

0-0013 
0-0005 

0-OOOV 
0-0020 

« 

0-0005 
0-0010 

0-0006 
OOOOV 


/,x    Potassium 
^  ^    Potassiam 

rgy.    Potassiam  chlorate     0-0500 
^  ^    Potassium  nitrate       0*0500 

r^v    Potassium  chlorate     0-1000 
^  ^   Potassium  nitrate        0-1000 

r.x    Potassium  chlorate     0-1000 
^  '    Potassium  nitrate       0*1000 

r-x    Potassium  chlorate     0-0300 
^  ^   Potassium  nitrate       0-1000 

y^v    Potassium  chlorate     0-1000 
^^    Potassium  nitrate       0-0300 

The  method  is  simple,  rapid,  and  easy,  and  sufficiently  accu- 
rate for  most  analytical  work.  One  objection  that  may  be 
urged  against  it  is  that  any  error  in  the  determination  of  the 
nitric  acid  involves  a  corresponding  error  in  the  amount  of 
chloric  acid,  but  the  above  results  show  that  such  errors  will 
be  quite  small  if  the  experiment  is  conducted  with  proper  pre- 
cautions. 

It  also  appeared  probable  that  a  nitrate  and  nitrite  could  be 
estimated  at  one  operation  in  a  somewhat  similar  manner.  By 
the  action  of  manganous  chloride  on  a  mixture  of  nitric  and 
nitrous  acids,  nitric  oxide  and  iodine  would  be  set  free  from 
each.  Representing  the  weight  of  nitric  oxide  found  by  a, 
and  the  weight  of  iodine  found  by  J,  and  letting  x  equal  the 
amount  of  nitric  acid  operated  upon,  and  y  the  amount  of 
nitrous  acid, 

30  30 

63  47^         ' 

379-5  126-5 

X  +  —rrr-y  =  ^ 


whence, 


63  4V 

xz=  0-249  5  —  1-049  a 
2/=    2-35  a  — 0-180  6 


In  the  attempt  to  verify  these  formulas  by  experiment,  a 
little  difficulty  was  found  in  getting  a  pure  and  stable  nitrite 
upon  which  to  operate.  Some  silver  nitrite  was  prepared  by 
precipitation  from  potassium  nitrite  and  silver  nitrate.  This 
was  washed  well  and  dried  as  thoroughly  as  possible  over  sul- 
phuric acid  in  the  dark.  Weighed  portions  were  put  in  the 
retort,  and  after  the  air  was  expelled,  man^anous  chloride  was 
added.  The  amount  of  silver  nitrate  was  then  estimated  from 
the  iodine  set  free  in  the  bulbed  tubes,  and  also  from  the  nitric 
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oxide  left  in  the  Hempel  burette.  The  results  varied  from  one 
another  by  4  or  5  per  cent  on  different  portions,  but  a  few 
trials  were  sufficient  to  indicate  that  the  trouble  lay  in  the  sil- 
ver nitrite  and  not  in  the  process  itself.  The  percentage  of 
purity  as  obtained  from  several  trials  by  ignition  was  98*4  per 
cent.  The  average  of  ten  trials  estimating  from  nitric  oxide 
gave  98*1  per  cent,  and  from  the  liberated  iodine  98*7  per 
cent.  This  was  uniformity  enough  to  indicate  that  the  method 
of  work  was  trustworthy,  although  there  was  apparently  such 
a  lack  of  homogeneity  in  the  silver  nitrite  as  to  make  it  impos- 
sible to  use  it  in  testing  the  value  of  the  formula  given  above. 
To  obviate  this  difficulty,  more  silver  nitrite  was  precipi- 
tated, well  washed,  dissolved  in  warm  water,  and  a  solution  of 
sodium  chloride  added.  The  silver  chloride  was  then  filtered 
off,  and  the  resulting  solution  of  sodium  nitrite  was  used  in 
the  following  experiments.  To  determine  the  strength  of  this 
solution,  ten  or  fifteen  cubic  centimeters  were  drawn  off  from 
a  burette,  and  the  nitrite  estimated  with  potassium  permanga- 
nate according  to  the  method  of  Kinnicutt  and  Nef.*  At  the 
same  time,  similar  amounts  were  introduced  into  the  retort 
with  manganous  chloride,  and  the  nitrite  estimated  both  from 
the  liberated  iodine  and  the  nitric  oxide  formed.  It  was  found 
that  the  air  must  be  thoroughly  driven  out  of  the  apparatus 
before  the  nitrite  was  introduced,  as  the  carbon  dioxide,  pass- 
ing over  the  solution,  decomposed  it  with  liberation  of  nitric 
oxide  which,  in  presence  of  air,  gave  an  excess  of  free  iodine, 
and  at  the  same  time  a  little  gas  was  lost.  Accordingly,  car- 
bon dioxide  was  first  passed  through  the  apparatus  for  some 
time,  then  the  nitrite  was  introduced  through  the  funnel-tube 
and  rinsed  in  with  a  little  water,  followed  by  the  manganons 
chloride  solution,  care  being  taken  that  the  water  should  not 
exceed  one-third  of  the  total  volume  of  the  liquid,  according 
to  the  precaution  to  be  shown  necessary  by  Gooch  and  Gruener. 
Working  in  this  way  with  the  solution  of  sodium  nitrite,  the 
following  results  were  obtained  : 

Vol.        Weight  reckoned      Weight  reckoned     Weight  reckoned 
taken.  from  KMn04.  from  NO.  from  iodine. 

cm.  grm.  grm.  grm. 

(1)  10  0-0463  0-0456  0*0450 

(2)  10  00460  0-0460  0*0470 

(3)  15  0-0704  0-0708  0-0722 

(4)  15  0-0690  0-0712  0-0750 

(5)  15  0-0701  0-0704  0*0722 

(6)  15  0-0688  0-0696  0*0695 

(7)  15  0-0706 

(8)  15  0-0712 

*  Ann.  Chem.  Journ.,  v,  p.  388. 
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It  will  be  seen  that  the  results  reckoned  from  the  iodine  are 
in  general  larger  than  those  obtained  by  either  of  the  other 
methods.  This  is  what  might  be  expected  on  account  of  the 
difficulty  of  completely  removing  air  from  the  apparatus  and 
solutions  employed,  and  such  air  would  naturally  cause  an 
excess  of  iodine.  In  (4)  especially  it  will  be  noticed  that  we 
have  an  abnormally  large  amount  of  iodine  set  free,  and  this 
may  undoubtedly  be  attributed  to  air,  since  it  was  observed 
that  the  current  of  carbon  dioxide  was  rather  sluggish  at  the 
time  of  that  experiment. 

The  average  of  the  above-recorded  experiments  would  give 
as  the  value  of  fifteen  cubic  centimeters,  from  the  method  of 
Kinnicutt  and  Nef,  -0697  grams,  from  the  nitric  oxide,  -0699 
grams,  and  from  the  iodine  -0711  grams.  If  we  assume  that 
the  mean  weight  per  fifteen  cubic  centimeters  is  represented 
by  the  average  of  these  three  modes  of  determination,  we 
obtain  0  0702  grams,  and  that  is  the  number  which  is  used  in 
the  following  determinations  to  repi'esent  the  weight  of  sodium 
nitrite  in  fifteen  cubic  centimeters  of  the  solution.  The  fol- 
lowing experiments  were  made  in  the  same  way  as  the  preced- 
ing, except  that  potassium  nitrate  was  introduced  in  the  dry 
state  before  the  air  was  driven  out  of  the  apparatus,  and  the 
results  were  calculated  from  the  formula  given  above. 


(1) 

(2) 
(3) 

(4) 

(5) 

(«) 


Though  the  process  is  one  in  which  the  most  perfect  accu- 
racv  cannot  be  assured  in  all  cases,  the  above  results  show  that 
it  18  capable  of  giving  fairly  accurate  results,  sufficient  for 
many  analytical  purposes.  It  seems  to  be  especially  well 
adapted  to  the  estimation  of  the  commercial  alkali  nitrites,  the 
whole  determination  being  made  on  one  portion  and  by  one 
operation,  instead  of  on  two  diflEerent  portions. 


Weights  taken. 
Sodium  nitrite           0-0702 
Potassium  nitrate     0-1000 

Weights  found. 

0-0718 
0-1000 

Difference. 

0-0016 
0-0000 

Sodium  nitrite 
Potassium  nitrate 

0-0702 
0-1000 

0-0712 
00999 

0-0012 
0-0001 

Sodium  nitrite 
Potassium  nitrate 

0-0702 
0-1000 

0-0710 
0-1004 

0-0008 
0-0004 

Sodium  nitrite 
Potassium  nitrate 

0-0702 
0-1000 

0-0698 
0-1012 

0-0004 
0-0012 

Sodium  nitrite 
Potassium  nitrate 

0-0468 
01000 

0-0453 
0-0994 

0-0013 
0-0006 

Sodium  nitrite 
Potassium  nitrate 

0-0468 
0-0500 

0-0444 
0-0513 

0-0024 
0-0013 
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Art.  XXXV. — Alphonse  DeCandolle. 

Alphonse  Louis  Pieeee  Pybamus  DeCandolle,  the  son  of 
Augustin  Pyraraus  DeCandolle,  was  born  on  the  28th  of  October, 
1806,  and  died  in  his  eighty-seventh  year,  on  the  4th  of  last 
April  (1893).  His  father,  born  in  1778,  published  his  first  botan- 
ical work  in  1799;  thus  the  scientific  activity  of  these  two  re- 
markable botanists  covers  nearly  a  full  century. 

Casimir,  the  son  of  Alphonse,  has  contributed  not  only  to  sys- 
tematic botany  but  also  to  the  philosophy  of  the  subject,  in 
striking  treatises  on  leaf  arrangement  and  on  the  morphology  of " 
the  leaf  itself.  There  are  therefore  three  generations  of  botanists, 
by  the  last  of  whom  the  century  is,  we  may  hope,  to  be  more 
than  rounded  out. 

Augustin,  of  the  first  generation,  was  widely  known  for  his 
concise  and  clear  exposition  of  the  fundamental  .principles  of 
vegetable  morphology,  as  well  as  for  his  comprehensive  endeavor 
to  describe  all  known  flowering  plants.  It  is  interesting  to  note 
that  in  the  same  field  of  exposition,  Alphonse,  of  the  second 
generation,  began  his  philosophical  work.  The  Th^orie  ]6l6men- 
taire  of  the  father  is  fitly  followed  by  the  Traite  El6mentaire  of 
the  son.  The  latter  treatise,  commonly  known  as  the  Introduc- 
tion, was  published  in  1835,  in  two  volumes  covering  the  essen- 
tial principles  of  pure  and  applied  botany.  An  unauthorized 
edition,  in  one  volume,  was  published  in  Brussels,  in  1837,  and 
the  work  has  been  translated  into  the  principal  continental  lan- 
guages. Those  who  look  carefully  into  this  compact  treatise, 
knowing  what  its  author  subsequently  accomplished,  will  see  clear 
indications  of  symmetrical  development,  together  with  a  marked 
tendency  to  investigate  speculative  aspects  of  the  different 
branches  of  the  subject.  One  phase  of  the  subject  possessed  for 
him  such  strong  attraction  that  he  published,  one  year  later,  than 
the  Introduction,  a  small  work  on  the  Distribution  of  Food- 
plants.  Thus  while  aiding  his  father  in  the  elaboration  of  the 
natural  orders  for  the  Prodromus,  he  was  engaged  in  attacking 
philosophical  questions  of  the  greatest  importance.  We  must 
say  once  for  all  that  his  interest  in  Systematic  Botany,  as  evinced 
in  the  countless  pages  either  written  or  edited  by  himself,  did  not 
flag  even  up  to  the  very  last ;  but  with  all  this  extraordinary 
activity  in  Systematic  Botany,  he  was  busy  with  every  conceiv- 
able collateral  speculation,  always  so  bold  and  yet  conservative, 
as  to  keep  the  confidence  even  of  those  who  could  not  follow 
him.  This  speculative  tendency  is  shown  most  strikingly  in  the 
great  Botanical  Geography,  published  by  him  in  1855.  This 
vast  work  consists  of  well  arranged  facts  brought  together  with 
untiring  assiduity  from  all  possible  quarters.  As  the  first  volume 
draws  to  its  close,   it  is  seen  that  the   clue  which  the   author 
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thought  he  had  well  in  hand  has  failed  him,  and  from  that  time 
on  there  is  hint  after  hint  of  some  new  way  out  of  the  difficulty 
of  accounting  for  apparent  caprice  in  the  distribution  of  plants. 
Kow  that  one  can  read  his  work  in  the  light  which  has  come 
from  the  luminous  suggestions  of  Darwin  and  of  Wallace,  we 
can  easily  understand  how  gladly  the  author  accepted  the 
hypothesis  of  derivation  through  Natural  Selection.  From  our 
point  of  view  we  can  now  see  how  near  he  came  to  making  this 
fertile  suggestion  himself ;  one  can  almost  believe  that  at  times 
he  bad  the  very  clue  in  hand.  His  acceptance  of  Darwinism,  as 
he  understood  it,  was  unreserved,  but  it  was  not  always  the  Dar- 
winism of  Darwin.  In  regard  to  the  two  important  matters,  of 
inheritance  of  acquired  characters,  and  of  vagueness  or  direct- 
ness in  development,  he  entertained  views  which  are  n«t  accepted 
by  some  of  Mr.  Darwin's  followers ;  but  iie  claims  that  his  inter- 
pretation is  justified  not  only  by  the  facts,  but  by  Mr.  Darwin's 
own  words.  These  views  are  presented  with  remarkable  per- 
spicuity in  a  work  on  the  History  of  two  Centuries  of  Science 
and  of  Scientific  Men.  This  treatise  is  preceded  and  followed  by 
studies  on  other  subjects,  particularly  in  regard  to  Natural  Selec- 
tion as  applied  to  man.  This  work  was  first  issued  in  1873  :  a 
revised  edition  followed  after  the  lapse  of  twelve  years.  During 
that  time  he  had  not  changed  his  opinions  to  any  great  extent, 
but  he  had  the  satisfaction  of  withdrawing  from  the  second  edi- 
tion, as  unnecessary,  a  defence  of  Darwinism  which  he  had  made 
in  the  first,  because  in  1885  among  his  French  contemporaries  he 
stood  no  longer  alone  as  a  Darwinian.  He  accomplished  in 
France  what  Dr.  Gray  effected  here,  and  Bentham  and  Hooker  in 
England,  namely  the  conversion  of  botanists  to  the  belief  that  in 
Darwinism  is  found  a  safe  working  hypothesis  by  which  one  can 
account  for  the  anomalies  in  distribution. 

A  word  respecting  some  of  the  other  subjects  discussed  in  the 
volume  devoted  to  the  History  of  Science  may  be  given  con- 
veniently at  this  point.  These  titles  are,  (1)  Concerning  observa- 
tion of  facts  in  schools  and  later.  (2)  On  observation  of  social 
facts.  (3)  On  statistics.  (4)  On  the  influence  of  heredity,  varia- 
bility, and  selection  in  the  human  species,  and  on  the  probable 
future  of  this  species.  (5)  On  alternations  in  the  intensity  of 
epidemics,  and  in  the  value  of  prophylactic  measures  against 
them.  (6)  Which  of  the  modern  languages  will  be  the  dominant 
one  in  the  20th  century  ?  (His  answer  is,  English.)  (7)  On  the 
different  meanings  of  the  word  "  nature "  and  its  derivatives. 
The  chief  essay,  which  gives  its  name  to  the  volume,  On  the  His- 
tory of  Science  and  Scientific  Men  for  two  Centuries,  is  devoted  to 
a  discussion  of  the  influences  exerted  by  surroundings,  such  as 
country,  climate  and  social  conditions,  on  the  production  of  sci- 
entific men.  It  is,  in  short,  a  social  study,  somewhat  after  the 
type  of  Mr.  Galton's  English  Men  of  Science,  their  Nature  and 
Nurture.  He  makes  a  broad  distinction  between  the  faculties  of 
a  high  order  which  are  attributable  to  heredity  and  those  which 
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manifest  themselves  for  tbe  first  time  in  a  family,  and  are  to  be 
regarded  as  individual  variations.  This  briefest  possible  analysis 
of  the  volume  on  History  indicates  sufficiently  the  wide  range  of 
DeCaudolle's  inquiries,  but  it  cannot  give  even  an  intimation  of 
the  marvellous  charm  of  style  of  which  he  was  a  master. 

We  turn  now  to  a  consideration  of  his  Phytography.  A  work 
designed  to  give  instruction  in  methods  of  describing  plants 
would  be  thought  necessarily  technical  and  dry.  But  every  page 
of  this  work  possesses  attraction  not  only  for  botanists  but  for 
students  in  all  fields  of  thought.  The  methods  which  he  deals 
with  are  applicable,  mutatis  mutandis^  to  other  branches  of  sci- 
ence. He  gives  many  hints  as  to  methods  of  accumulating  facts 
from  different  sources,  and  imparts  as  far  as  one  can  do  so,  the 
secret  of  winnowing  wheat  from  the  chaff.  He  lets  us  into  the 
mysteries  of  his  cabinet,  in  which  he  stored  myriads  of  facts  for 
his  systematic  treatises  and  for  his  geographical  botany.  Our 
readers  will  hardly  agree  with  all  his  views  as  to  the  relative 
value  of  different  appliances  for  botanical  research,  but  every 
one  must  be  struck  by  the  fairness  with  which  personal  views  are 
presented. 

In  1883,  appeared  his  treatise  on  the  Origin  of  Cultivated 
Plants.  This  has  been  translated  in  the  so-called  International 
Series  and  is  doubtless  familiar  to  all  of  our  readers.  It  illustrates 
the  extraordinary  scope  of  his  observation  and  reading,  and  his 
judicial  method. 

We  have  deferred  until  the  last  a  notice  of  his  Laws  of  Botan- 
ical Nomenclature.  At  the  Paris  International  Botanical  Congress, 
held  August  16-26,  1867,  he  presented  for  consideration  a  system 
of  rules  to  govern  botanical  nomenclature.  This  body  of  laws 
was  discussed  first  by  a  special  committee,  and  then  by  tbe  whole 
Congress.  With  some  modifications  the  system,  was  adopted. 
The  Code,  accompanied  by  a  commentary,  was  published  by  De- 
Candolle  that  autumn;  sixteen  years  later,  he  published  (1883) 
amended  laws,  together  with  some  suggested  changes,  and  a  con- 
cise review  of  the  discussions  to  which  the  laws  had  given  rise. 

Article  15  relates  to  the  vexed  question  of  priority.  It  reads, 
'*  Each  natural  group  of  plants  can  bear  in  science  but  one  valid 
designation,  the  most  ancient,  whether  adopted  or  given  by 
Linnaeus,  or  since  LinnsBus,  provided  it  be  consistent  with  the 
essential  rules  of  nomenclature."  According  to  this,  DeCandolle 
would  make  for  generic  names  a  fixed  date,  1^37,  that  of  the  pub- 
lication of  the  first  edition  of  the  Genera  plantarum  :  while 
species  should  date  from  the  publication  of  the  first  edition  of  the 
Species  plantarum,  namely,  1753. 

Carried  out  to  its  logical  conclusions  and  without  regard 
to  conservative  and  traditional  usage,  this  has  opened  the  door 
to  the  introduction  of  what  may  well  be  deplored  as  unnec- 
essary confusion.  That  which  was  dreaded  by  many  has  already 
happened  :  already  there  are  at  least  two  schools  among  those 
who  have  cut  loose  from  traditional  methods  and  have  adopted 
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certain  dates  or  one  date  only  as  the  point  of  departure  in  priority. 
The  chaotic  condition  preliminary  to  a  cosmos  is  fairly  upon  us. 
Exactly  when  and  how  and  where  from  this  confusion  an  orderly 
arrangement  can  arise  it  is  at  present  impossihle  to  tell. 

Certain  it  is  that  all  botanists  would  do  well  to  preserve, 
throughout  the  present  and  the  coming  days  of  disorder,  that 
freedom  from  prejudice  which  characterized  all  of  Alphonse 
DeCandoUe's  work.  If  everyone,  who  rushes  in  fearlessly  to  take 
a  hand  in  changing  the  names  of  plants,  would  bear  in  mind  the 
cautions  given  in  the  Phytography,  it  would  save  many  from 
mortification  when  the  time  comes  for  exact  and  enduring  work 
to  be  sifted  from  that  which  is  hasty,  superficial  and  ephemeral. 

G.    L.    G. 


SCIENTIFIC     INTELLIGENCE. 

I.     Geology  and  Natural  History. 

1.  Minnesota  Geological  and  Natural  History  Survey. — A 
notice  of  the  publication  of  the  memoir  of  E.  O.  Ulrich  on  the 
Bryozoa  of  Minnesota,  constituting  a  part  of  volume  III  of  the 
final  Quarto  Report  of  the  Minnesota  Geological  Survey,  is  given 
in  the  last  volume  of  this  Journal.  More  recently,  the  following 
parts  of  the  same  volume  have  been  issued: 

Sponges,  Graptolites  and  Corals  from  the  Lower  Silurian  of 
Minnesota,  by  N.  H.  Winchell  and  Charles  Schuch^rt.  42 
pp.  4to,  with  2  plates. 

The  Lower  SUurian  Brachiopoda  of  Minnesota,  by  N.  H. 
WiNCHBLL  and  Charles  Schuchert.     1 44  pp.  4to,  with  6  plates. 

Prof.  Winchell's  Twentieth  Annual  Report  for  the  year  1891, 
published  during  the  current  year,  contains  a  paper  by  him  on 
the  Crystalline  rocks,  containing  "  some  preliminary  considera- 
tions as  to  their  structure  and  origin,"  and  another  of  70  pages  on 
the  Mesabi  Iron  Range;  Field  observations  on  certain  granite 
areas  by  N.  S.  Grant  ;  a  paper  on  the  abandoned  strands  of  Lake 
Superior,  110  pages,  with  many  illustrations,  by  A.  C.  Lawson  ; 
on  the  Diatomacese  of  Minnesota  in  interglacial  peat,  by  B.  W. 
Thomas,  with  a  list  of  species  and  notes  by  H.  L.  Smith. 

2.  Paleontology  of  New  York,  Volume  VIII,  Part  2,  Fascicle 
1,  by  Prof.  James  Hall,  assisted  by  J.  M.  Clarke.  176  pp.  4to. 
— This  new  part  of  Vol.  VIII  contains  a  continuation  of  Pro- 
fessor Hall's  "Introduction  to  the  Study  of  the  Genera  of  the 
Palaeozoic  Brachiopoda."  The  names  of  the  accepted  genera  and 
subgenera  here  discussed  and  described  are  Spirifer,  Cyrtia, 
Cyrtina,  Syringothyris,  Spiriferina,  Amboccelia,  Metaplasia 
(n.  g.),  Whitfieldia  (n.  g.),  Hyattella,  Dayia,  Hindella,  Meristina, 
Merista,  Meristella,  Charionella,  Pentagonia,  Camarospira, 
Athyris,    Cliothyris,    Actinochonchus,    Seminula,    Spirigerella, 
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Kayaeria^  Retziay  Rhynchospira^  Ptychospira  (n.  g.),  Uncites 
Eumetria^  Acamhona^  Hustedia  (n.  g.),  UncineUa,  TVematospira^ 
Parazyga^  Aiioplotheca^  Coelospira,  Leptocoelia,  Vitulina,  Ana- 
baia,  N^jbcleospira,  Cyclospira  (n.  g.),  Glassia,  Zygospira^  Cata- 
zyga  (n.  g.),  Atrypina^  Atrypa^  Gruenewaldtia^  Karpinskia, 
Other  names  appear  in  the  very  full  synonymy.  Many  figures  of 
distinguishing  characteristics  are  given  in  the  text,  and  plates 
XX i  to  Hi  are  referred  to  which  will  be  contained  in  the  completed 
volume. 

3.  Salt  and  Gypsum  Industries  of  New  Tbrk^  by  F.  J.  H. 
Merrill,  Assistant  State  Geologist.  Bulletin  of  the  N.  Y.  State 
Museum,  vol.  iii,  April,  1893,  90  pp.  8vo,  with  maps,  plates  and 
sections. — Prof.  Merrill  treats  briefly  of  the  geological  part  of  his 
subject,  and  illustrates  it  with  maps  showing  the  distribution  of 
salt  and  brine  wells  as  ascertained  by  borings.  The  economical 
subjects  are  discussed  with  great  fullness  and  with  numerous 
illustrating  plates  and  figures. 

4.  JBionomie  des  Meeres:  Beobachtungen  tlber  die  marinen 
Lebensbezirke  und  Existenzbedingungen  ;  von  Johannes  Wal- 
THER.  First  part,  an  Introduction  to  Geology  as  *a  historical 
science.  196  pp.,  8vo.  Jena,  1893  (Gustav  Fischer). — Professor 
Walther,  of  Jena,  treats  in  this  very  instructive  volume,  in  a  con- 
cise and  systematic  way,  of  the  conditions  of  existence  and  range  of 
marine  life,  with  reference  to  the  bearing  of  the  subjects  on  geol- 
ogy. Some  of  the  topics  discussed,  and  illustrated  by  citations  of 
physical  and  biological  facts,  are  the  following :  The  marine 
conditions  connected  with  the  arrangements  of  the  continents, 
with  their  bays,  estuaries,  etc.,  and  with  the  oceans,  of  varying 
depths,  from  the  coasts  downward,  and  of  varying  temperatures 
and  varying  kinds  of  sea-bottom  and  other  living  conditions ;  the 
influence  of  light  and  heat  on  growth  and  distribution  ;  of  salinity 
(with  relation  to  which  the  author  divides  marine  animals  into  the 
Stenohaline,  or  those  requiring  waters  haying  the  normal  salinity 
of  the  ocean,  the  Euryhaline,  or  those  capable  of  enduring  a  wide 
range,  from  brackish  water  to  the  normal,  and  the  Brack-water^ 
or  those  of  brackish  water) ;  the  influence  of  tides  and  waves ;  of 
currents  and  the  general  circulation ;  and  many  other  points  of 
special  geological  importance.  Students  in  geology  would  profit 
much  by  the  careful  study  of  Prof.  Walther's  work.  It  promises 
well  for  the  future  parts  of  his  Introduction  to  Historical  Geology. 

5.  North  American  Fauna,  No.  7.  The  Death  Valley  Mcr 
pedition :  a  Geological  survey  of  parts  of  California,  Nevada, 
Arizona,  and  Utah. — Part  II,  containing  Reports  on  different 
departments  by  A.  K.  Fisher,  L.  Stejneger,  C.  H.  Gilbert,  C. 
V.  Riley,  R.  E.  C.  Stearns,  C.  H.  Merriam,  T.  S.  Palmer. 
Published  by  authority  of  the  Secretary  of  Agriculture.  394  pp. 
8vo,  with  14  plates,  1  large  map  and  4  small  maps  illustrating 
geographical  distribution. 
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Art.  XXXVI. — On  EndotJiermic  Reactions  effected  hy  Me- 
chanical Force ;  by  M.  Carey  Lea.     (Part  First.) 

In  a  preceding  paper  the  effects  of  pressure  on  the  silver 
haloids  were  described.  These  salts  were  readily  blackened 
and  so  gave  evidence  of  partial  reduction.  That  investigation^ 
was  undertaken  with  the  object  of  bringing  into  complete' 
harmony  the  effects  upon  these  haloids  of  the  different  forms 
of  energy.  It  had  been  previously  shown  with  respect  to  all 
the  other  forms  of  energy  that  a  slight  impression  made  upon 
the  haloids  caused  an  ettect  not  visible  to  the  eye  but  capable 
of  indefinite  increase  by  the  application  of  a  reducing  agent. 
Also,  it  had  been  shown  in  the  case  of  mechanical  force  that  a 
slight  application  would  cause  an  invisible  effect  which  could 
be  rendered  evident  by  the  application  of  a  reducing  agent. 
It  seemed  to  follow  almost  necessarily  that  a  powerful  applica- 
tion of  the  same  agent  would  bring  about  an  effect  visible  to 
the  eye.     Experiment  proved  this  to  be  the  case. 

It  next  appeared  worth  while  to  examine  whether  the  same 
agent,  mechanical  force,  would  not  be  capable  of  bringing 
about  analogous  chemical  changes  in  other  compounds.  For 
the  nature  of  these  changes  was  something  quite  different 
from  anything  that  had  been  previously  described.  In  Prof. 
Spring's  well  known  investigation,  combination  was  brought 
about  between  substances  whose  tendency  to  combine  was  re- 
strained by  their  being  in  the  solid  form.  This  obstacle  was 
removed  by  subjecting  them  to  great  pressure,  and  the  same 
remark  applies  to  some  of  the  interesting  experiments  of  Dr. 
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Hallock.  But  the  reduction  of  the  silver  haloids  and  other 
reactions  presently  to  be  described  involve  a  quite  different 
principle.  The  reactions  produced  are  all  endothermic;  en- 
ergy is  consumed  in  accomplishing  them  and  this  energy  is 
supplied  by  mechanical  force. 

The  combination  of  screw  and  lever  affords  the  best  means 
of  applying  pressure.     A  careful  study  as  to  the  most  suitable 
method  of  using  these  powers  led  to  the  selection  of  the  vise 
form.      It  was  found,  however,  that   the   manufacturers   of 
heavy  vises  were  unwilling,  to  undertake  to  furnish  vises  with 
jaws  that  would  sustain  the  force  intended  to  be  exerted  on 
them,  namely,  that  of  a  steel  lever  three  feet  long  acting  on  a 
screw  with  six  turns  to  the  inch.     I  was  therefore  obliged  to 
have  them  made  under  my  own  supervision.     From  a  bar  of 
tough  rolled  iron  4  inches  wide  by  1^  thick,  pieces  about  18 
inches  long  were  cut  and  were  forged  into  shape,  by  a  black- 
smith ;  where  the  jaws  met  they  were  faced  with  steel  welded 
on.     Suitable  screws  were  easily  obtained,  but  the  nuts  furn- 
ished with  them  having  commonly  only  an  inch  in  length 
would  subject  the  thread  to  the  danger  of  stripping.     They 
were  replaced  with  nuts  4  inches  in  length,  thus  distributing 
the  strain  over  24  turns  of  the  thread.     Two  vises  made  in 
this  way  over  a  year  ago  have  endured  severe  use  without  the 
least  sign  of  strain. 

With  a  lever  having  three  feet  in  length  between  the 
center  of  the  screw  head  and  the  end  at  which  the  force  is 
applied  acting  on  a  screw  with  six  turns  to  the  inch,  the  multi- 
plication of  force  is  1357  times.  As  it  is  easy  to  apply  a  pull 
of  a  hundred  pounds  or  even  much  more,  a  pressure  of  135,000 
lbs.  is  easily  obtained.  As  it  was  intended  to  keep  the  sub- 
stances which  were  to  be  subjected  to  pressure  from  any  con- 
tact that  might  affect  them  they  were  folded  up  in  platinum 
foil  and  this  was  set  in  a  V-shaped  piece  of  soft  sheet  copper. 
The  portion  of  material  which  received  the  pressure  was  about 
^  inch  long  by  i  wide ;  it  consequently  had  an  area  of  about 
1^  of  a  square  inch.  This  limited  surface  received  a  pressure 
in  the  proportion  of  over  a  million  pounds  to  the  square  inch 
or  about  seventy  thousand  atmospheres.  These  of  course  are 
calculated  pressures  subject  to  deduction  for  friction.  The 
amount  lost  in  this  wav  cannot  be  determined  but  is  known  to 
be  considerable. 

By  the  aid  of  these  means  the  following  results  were  ob- 
tained. In  all  cases  the  material  was  wrapped  in  either  plati- 
num or  silver,  usually  platinum,  foil.     There  was  no  action  in 
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any  case  on  the  metal,  which  preserved  its  full  brightness  in 
the  parts  in  contact  with  the  material,  so  that  the  effects  ob- 
served were  due  to  pressure  only. 

Silver  sulphite  in  platinum  foil  was  moderately  darkened  by 
two  days  pressure. 

Silver  salicylate  was  rendered  very  dark  by  two  days  pres- 
sure. 

Silver  carbonate  was  moderately  darkened  by  a  somewhat 
longer  pressure. 

Silver  tartrate  was  not  affected. 

Silver  oxide  was  thoroughly  dried  at  150°.  A  piece  of 
platinum  foil  was  heated  to  redness  and  rapidly  cooled,  a  por- 
tion of  oxide  was  folded  up  in  it  and  weighed.  Weight 
found  '7639  It  was  then  subjected  to  very  great  pressure  for 
four  days.     Weight  found  to  be  '7639,  no  change. 

Ferric  oxide  recently  precipitated  and  dried.  No  effect 
produced  by  pressure,  no  formation  of  ferrous  oxide. 

Potassium  platinobroniide.  Where  the  pressure  was  greatest 
the  brilliant  red  color  of  this  substance  was  blackened,  not 
superlicially  only,  but  all  through. 

Ammonium  platinochloride.  Moderate  but  well  marked 
darkening. 

Potassium  chlorate.  When  this  substance  was  subjected  to 
pressure  by  itself  no  effect  whatever  was  produced  and  not  a 
trace  of  chloride  was  formed.  But  when  it  was  mixed  with 
silver  nitrate,  both  in  line  powder,  and  subjected  to  pressure 
there  was  an  evident  formation  of  silver  chloride.  The  mate- 
rial was  no  longer  completely  soluble  in  water  but  left  an 
abundance  of  white  flakes  which  darkened  when  exposed  to 
light. 

Mercuric  oxide  requires  a  very  high  pressure  to  produce  an 
effect  upon  it.  It  then  darkens  slightly  but  very  distinctly 
and  this  change  seems  to  be  accompanied  by  a  slight  loss  of 
weight  requiring,  however,  very  careful  weighing  to  detect  it. 

The  darkened  part  as  well  as  the  rest  dissolves  without 
difficulty  in  acetic  acid  and  consisted  therefore  probably  of 
traces  of  mercurous  oxide  and  not  metallic  mercury. 

Mercurous  chloride  showed  no  change. 
Mercuric  chloride.  Corrosive  sublimate  perfectly  free  from 
calomel,  which  commercial  sublimate  is  very  apt  to  contain, 
was  subjected  to  great  pressure  and  then  treated  with  ammonia. 
As  no  darkening  took  place  there  had  evidently  been  no  reduc- 
tion. 

Mercuric  iodide,  Ked  mercuric  iodide  when  subjected  to 
very  great  pressure  darkened  considerably  and  at  points  where 
the  pressure  was  greatest  it  became  absolutely  black.     It  did 
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not  appear  however,  that  any  iodine  was  set  free,  none  could 
be  extracted  with  alcohol. 

Mercuric  oxychloride^  2HgO,  HgCl, ;  heavy  pressure  caused 
much  darkening. 

Sodium  thiosulphate  with  a  moderate  pressure  compresses 
to  a  hard  translucent  cake  but  does  not  undergo  any  decompo- 
sition. 

To  the  foregoing  cases  are  to  be  added  those  of  the  three 
silver  haloids  described  in  a  previous  paper :  these  blackened 
with  a  quite  moderate  pressure  even  in  the  case  of  the  iodide. 

Although  in  all  these  instances  the  darkening  is  well 
marked,  still  the  actual  proportion  of  material  aflFected  is  small, 
so  that  in  many  cases  it  is  difficult  to  apply  tests  to  decide  as 
to  the  precise  nature  of  the  substances  formed.  In  some  cases, 
however,  this  can  be  done  and  we  are  justified  in  concluding 
that  many  of  the  salts  of  easily  reduceable  metals,  especially  of 
silver,  mercury  and  platinum,  undergo  reduction  by  pressure. 
Such  reactions  are  endotherraic  and  it  therefore  follows  that 
mechanical  force  can  bring  about  reactions  which  require  ex- 
jpenditure  of  energy^  which  energy  is  supplied  by  mechanical 
force  precisely  in  the  same  way  that  lights  heat  and  electricity 
supply  energy  in  the  endotherinic  changes  which  they  bring 
about. 

In  the  second  part  of  this  paper  additional  support  will  be 
adduced  for  these  conclusions. 

August,  1893. 


Art.  XXXYII. — Studies  on  the  Chipola  Miocene  of  Bain- 
bridge^  Georgia^  and  of  Alum  Bluffs  Florida^  with  an  at- 
tempt at  correlation  of  certain  Grand  Gulf  group  beds  with 
marine  Miocene  beds  eastward  j   by  Aug.  F.  Foerste. 

The  Miocene  strata  of  Georgia,  Florida  and  Alabama  can  be 
divided  quite  conveniently  into  three  groups.  Beginning  with 
tlie  older,  these  would  be  called  in  northwestern  Florida,  the 
Chattahoochee,  Chipola,  and  Chesapeake  Groups.  The  Chat- 
tahoochee contains  an  assemblage  of  fossils  decidedly  Miocene. 
A  considerable  number  of  forms  have  close  affinities  with 
those  of  Chipola  age,  while  a  decidedly  less  close  relationship 
is  found  to  exist  with  forms  from  the  Vicksburg  Eocene,  at 
least  as  far  as  could  be  determined  by  comparison  with  those 
Vicksburg  fossils  actually  discovered  by  us  in  southwestern 
Georgia.  The  facies  of  the  Chipola  fauna  is  decidedly 
southern,  sub-tropical  in  fact,  and  there  are  many  species  iden- 
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tical  with  or  closely  allied  to  Miocene  forms  of  regions  border- 
ing on  the  Caribbean  Sea.  The  Chesapeake  fauna,  as  its  name 
was  intended  to  imply,  has  however  a  decidedly  northern 
facias,  though  the  species  are  chiefly  such  as  have  long  been 
known  to  exist  in  the  South  Carolina  and  North  Carolina 
Miocene. 

Alexander  Agassiz  has  shown  that  in  later  Mesozoic  times 
the  Gulf  of  Mexico  was  probably  connected  with  the  Pacific 
across  Central  American  regions,  and  the  paleontological  evi- 
dence favors  the  idea  that  this  connection  was  not  terminated 
until  the  close  of  the  Eocene.  The  subsequent  rise  of  the 
Central  American  ranges  must  have  shut  on  a  western  outlet 
to  sub-equatorial  currents,  and  such  currents  as  then  entered 
the  present  Gulf  region  were  obliged  to  find  an  outlet  by  curv- 
ing along  the  western  and  northern  shores  until  they  found  an 
exit,  as  does  the  Gulf  Stream  of  to-day.  This  early  Miocene 
return-current,  however,  is  shown  by  Mr.  W.  II.  Dall*  not  to 
have  passed  to  the  south  of  the  peninsular  portion  of  Florida, 
but  to  the  north  of  it,  between  present  peninsular  Florida  and 
Georgia.  For  convenience  in  terminology  the  return-current 
may  be  called  the  Okefenokee  current,  and  the  passage,  the 
Okef enokee  straits. 

Mr.  Dall*  shows  that  towards  the  end  of  the  Eocene  a  part 
of  peninsular  Florida  had  already  been  raised  above  the  sea, 
and  that  during  the  deposition  of  the  Nummulitic  or  very  late 
Eocene  beds,  "  this  elevation  (probably  in  the  form  of  a  chain 
of  islands),  had  continued  long  enough  for  these  islets  to 
acquire  a  landshell  fauna,  as  far  south  as  about  latitude  29° 
north."  This  group  of  islets  of  central  Florida  having  a  sim- 
ilar geological  history  may  be  conveniently  termed  the  Ocala 
islands.  The  area  occupied  by  these  islands  was  increased  dur- 
ing the  earlier  Miocene,  and  their  continuous  history  is  sug- 
gested by  the  presence  of  forms  in  the  upper  part  of  the 
Orthaulax  beds,  identical  with  those  already  mentioned  as 
occurring  in  the  late  Eocene  of  this  region.  North  of  the 
Ocala  islands  the  very  wide  Okefenokee  passage  must  have 
been  shallow  at  first,  as  is  suggested  by  the  fact  that  the  Chat- 
tahoochee does  not  immediately  introduce  as  southern  a  type 
of  fauna  as  is  contained  in  the  later  or  Chipola  beds,  when  the 
passage  was  probably  deeper  and  the  return  current  more  vig- 
orous. The  Chipola  fauna  with  its  decidedly  sub-tropical, 
Antillean  or  Caribbean  facies,  extended  all  along  this  passage 
as  far  as  the  Atlantic,  and  thence  some  distance  northward. 

A  great  deflection  of  currents  took  place  at  the  close  of  the 
Chipola."^  Instead  of  the  eastward  flowing  warm  water  Okefe- 
nokee current,  the  southwestward-running  Chesapeake  or  cold 

*  Correlation  Papers.     Neocene.     See  also  publications  of  Mr.  L.  C.  .Johnson. 
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water  current  seems  to  have  split  near  the  northeastern  part  of 
present  Florida,  and  while  a  part  flowed  along  the  eastern  and 
southern  margins  of  the  then  greatly  extended  Ocala  islands, 
another  part  passed  by  way  of  the  Okefenokee  passage  to  the 
westward  and  permitted  a  cold  water  fauna  to  extend  all  along 
the  southern  border  of  the  Miocene  continent,  almost  coinci- 
dent with  present  northern  Florida,  so  that  the  two  faunas 
Chipola  and  Chesapeake,  though  probably  to  a  considerable 
extent  contemporaneous,  in  point  of  time,  are  stratigraphically 
very  distinct  here  and  represent  different  geological  ages  for 
this  southern  area.  How  completely  changed  the  forms  of 
life  became  by  this  deflection  of  currents,  can  only  be  appre- 
ciated by  one  who  has  had  the  good  fortune  to  collect  along  the 
Appalachicola  and  Chipola  rivers. 

Fossiliferous  exposures  of  Chipola  age  north  of  the  well 
known  localities  at  Alum  Bluff  and  south  of  Bailey's  Ferry  are 
known  only  at  one  place,  half  way  between  Bainbridge  and 
Fowltown  in  Georgia  and  thence  eastward  for  some  distance. 
These  localities  discovered  by  Professor  Raphael  Pumpelly* 
are  about  40  miles  northeast  of  the  Alum  Bluff  exposures,  and 
represent  a  northing  of  about  22  miles  across  the  strike.  Their 
chief  interest  lies  in  the  fact  that  they  represent  the  extreme 
northern  limit  to  which  the  Chipola  current  was  able  to  pene- 
trate ;  they  are  in  fact  immediate  off-shore  deposits.  This  is 
shown  not  only  by  the  very  comminuted  and  strongly  washed 
and  rounded  shell  fragments  which  characterize  these  hori- 
zons, often  making  their  determination  very  difficult,  but  also 
by  the  presence  of  pulmonate  land  shells :  an  undoubted  Helix 
and  an  apparent  Bulimulus  as  indicated  in  the  list  given  later. 

Another  point  of  interest  consists  in  the  fact  that  these  fos- 
sil localities  have  recently  been  shown  by  the  still  unpublished 
work  of  Prof.  Pumpelly  to  constitute  a  definite  horizon  in  the 
red  clay  hills  of  the  region,  overlying  the  Chattahoochee  for- 
mation which  constitutes  the  lower  portion  of  these  hills. 
Now  these  red  clay  hills  form  a  part  of  a  great  series  becom- 
ing a  sort  of  plateau  in  southwest  Georgia  and  adjacent 
Florida,  and  having  those  lithological  characteristics  which 
would  lead  them  to  be  classified  as  Lafayette  clays,  where  the 
determination  of  the  Lafayette  is  not  the  result  of  detailed 
work  over  areas  not  too  large  to  prevent  definite  correlation. 
It  is  becoming  evident  in  consequence  of  Prof.  Pumpelly's 
stratigraphical  studies  that  the  red  clay  hills  of  this  country 
characteristically  present  Chattahoochee  at  the  base,  Chipola 
higher  up,  still  higher  horizons  representing  undoubtedly  the 
Alum  Bluff  sands,  and  whether  any  higher  horizons  are  present 
remains  to  be  determined. 

*  W.  H.  Dall,  Correllation  papers,  Neocene ;  under  Georgia. 
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The  often  sandy  clays  overlying  the  Ohipola  of  this  red  clay 
hill  region  from  Bainbridge  southward  are  undoubtedly  to  a 
considerable  extent  perezonal  material,  becoming  coarser  to- 
wards the  unfossiliferous  Chattahoochee  erabayment  of  Chipola 
times.  What  this  means  will  be  better  understood  when  it  is 
learned  that  in  Florida  the  Chipola  also  ends  above  in  a  mass 
of  perezonal  sands,  the  feather  edge  of  the  much  thicker  north- 
ern deposits.  These  perezonal  sands,  moreover  at  Alum  Bluff, 
contain  in  places  frequent  impressions  of  palmetto  and  many 
dicotyledonous  leaves,  showing  a  great  Gulf  ward  extension  of 
continental  land  before  the  deposition  of  the  Chesapeake. 
This  may  account  in  part  for  the  fact  that  while  the  Ohipola 
has  been  found  farther  north,  the  Chesapeake  can  be  traced 
only  a  short  distance  north  of  Alum  Bluff. 

Previous  publications  with  reference  to  the  position  of  the 
leaf  remains,  if  correctly  understood,  are  entirely  erroneous.  At 
Alum  Bluff  the  Chipola  rises  only  a  few  feet  above  the  river's 
edge  under  ordinary  conditions  of  water  level.  Below  they 
consist  of  a  strongly  calcareous  sandy  formation,  calcareous 
chiefly  on  account  of  its  abundant  shell  remains ;  becoming  a 
loose  sand  layer  above  as  soon  as  the  fossils  practically  disap- 
pear. This  upper  sandy  portion  may  be  almost  structureless 
and  contain  a  few  gasteropods  and  oyster  shells,  or  it  may  be 
strongly  cross-bedded,  when  it  is  likely  to  contain  trunks 
with  more  or  less  of  the  leaves  of  palmetto  palms,  or  they 
may  be  finely  interbedded  with  thin  more  clayey  layers,  when 
they  are  more  apt  to  contain  the  best  specimens  of  the  dicoty- 
ledonous leaves.  In  the  few  localities  studied  the  cross-bedded 
sands  lie  over  the  evenly  bedded  leaf  layers  last  mentioned, 
and  the  stray  oyster  shells  are  found  some  distance  away  hori- 
zontally, at  various  levels.  These  formations  all  evidently 
form  a  unit  and  signify  simply  that  towards  the  close  of  the 
Chipola  a  considerable  area  was  added  to  the  land  and  the 
effects  are  recognized  as  far  south  as  Alum  Bluff  in  the  form 
of  land  plant  containing  deposits.  (It  will  be  remembered 
that  earlier  in  this  paper  the  writer  notes  the  similar  observa- 
tion of  Dall  when  he  states  that  towards  the  upper  part  of  the 
equivalent  Orthaulax  bed  a  land  shell  fauna  comes  in).  Above 
these  leaf-bearing  sands  at  Alum  Bluff  the  Chesapeake  forma- 
tion is  found. 

To  every  one  familiar  with  Southern  geology  it  is  evident 
that  Tertiary  rivers  here  have  given  rise  to  great  perezonal 
deposits.  Stratigraphically  the  Altamaha  grits  some  distance 
south  of  central  Georgia  and  the  Grand  Gulf  group  of  the 
Mississippi  embayment  should  represent  such  perezonal  depos- 
its for  the  entire  Miocene,  since  they  rest  directly  upon  the 
Eocene.     Only  recently  has  an  attempt  been  made  to  subdivide 


248  A,  F.  Foerste — Chvpola  Miocene  of 

the  Grand  Gulf  ffroup  and  to  correlate  its  members  with  the 
marine  Miocene  deposits  farther  east. 

Mr.  Lawrence  0.  Johnson,  to  whom  the  writer  is  indebted 
for  the  most  of  the  following  information,*  has  been  .enabled 
to  divide  the  Grand  Gulf  group  into  four  phases :  A  basal 
quartzitic  phase  called  the  Bayou  Pierre  phase  developed 
chiefly  towards  the  Mississippi  river ;  a  second,  called  the  Fort 
Adams  or  Ellisville  phase  which  has  been  traced  eastward  into 
Alabama ;  an  upper  or  Hattiesburg  phase,  abounding  in  phy- 
togene  remains  which  has  also  been  traced  into  Alabama  ;  and 
a  fourth  or  Fascagoula  phase  which  in  its  eastward  extension 
has  been  found  only  in  borings  in  Mobile  County  at  the  south- 
western corner  o£  Alabama. 

The  Hattiesburg  or  phytogene  phase  is  well  developed  in 
Mississippi  at  Kawl's  Springs  and  the  shoals  of  Bouie  river 
near  Hattiesburg  ;  at  Coal  BluflF,  near  Augusta,  on  Leaf  river ; 
at  Powe's  Bluff  on  the  Chickasawhay  river,  above  Lakeville ;  at 
Shell  Landing,  below  Roberts'  Bluff,  four  miles  southwest  of 
Yernal ;  e3?:tending  thence  into  Alabama,  occupying  the  south- 
ern part  of  Washington  County,  occurring,  for  instance,  on  the 
southern  branches  of  Bassett's  creek,  where  crossed  by  the  St. 
Stephens  and  State  Line  road ;  thence  across  northern  Balti- 
more into  Escambia  County  where  the  Conecuh  river  and  its 
tributaries  expose  this  phytogene  phase  near  Castleberry  on 
Murder  creek ;  at  Coal  Bluff,  seven  miles  south ;  at  Silas  Bluff, 
on  the  Conecuh,  six  miles  east ;  and  at  Roberts'  on  Silas  creek, 
not  far  eastward. 

At  the  last  locality,  Roberts,  occurs  an  exposure  which  seems 
to  be  of  considerable  importance  for  purposes  of  correlation. 
Here  "  the  bluff  washed  out  by  the  waste- way  of  the  mill  is 
filled  with  the  casts  of  fossils."  Mr.  Johnson  informs  me  by 
letter  that  Mr.  Dall  thinks  these  fossils  indicate  the  lowest  or 
oldest  Miocene.  ''  The  wood  and  lignitic  matter  "  or  Hatties- 
burg phase,  occurs  ''  in  the  upper  part  of  this  wash-out  bluff." 
The  most  northern  outcrops  of  the  Chesapeake  in  this 
vicinity  seem  to  be  at  "  the  low  shell  landing  on  the  Yellow 
River  at  Oak  Grove,  six  miles  south  of  the  Alabama  line."* 

In  a  general  way  it  seems  to  be  possible  therefore  to  estab- 
lish a  correlation  between  the  Miocene  of  the  Appalachicola 
embay  men  t  region,  and  that  of  the  eastern  margin  of  the 
Grand  Gulf  Group.  Correlating  the  phytogene  or  Hattiesburg 
phase  of  the  Grand  Gulf  at  Roberts  with  the  leaf- bearing 
sands  at  the  top  of  the  Chipola  at  Alum  Bluff,  the  Ellisville 
and  lower  horizons  of  the  Grand  Gulf  Group  of  this  vicinity 
should  correspond  to  the  marine  Chipola  and  the  Chattahoo- 

*  Science,  Feb.  17,  '93,  and  personal  correspondence. 
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chee  formations  eastward  ;  and  the  Oak  Grove  horizon  should 
correspond  to  the  Chesapeake  horizon  of  Alum  Bluff  at  least 
to  the  extent  of  representing  the  later  Miocene  of  this  area. 

Mr.  Johnson  in  his  letter  mentions  only  Euchee  Ana  in 
Walton  Co.,  Florida,  as  a  more  eastern  phytogene  locality. 
The  connection  between  the  Roberts  phytogene  locality  and 
the  Alum  Bluff  bed  is  therefore  not  determined  by  as  frequent 
intermediate  localities  of  that  description,  as  could  be  desired. 
The  better  known  course  of  the  upper  or  Chesapeake  Miocene 
must  be  therefore  relied  upon  (in  addition  to  the  correlation 
evidence  just  given)  to  establish  the  continuity  of  the  lower 
horizons.* 

The  difficulties  which  are  at  present  being  found  to  distin- 
guish between  the  horizons  of  the  more  western  Miocene 
localities  will  be  better  understood  if  the  effects  of  two  such 
different  currents  as  the  Chipola  and  the  Chesapeake  currents 
are  considered.  During  the  deposition  of  the  Chattahoochee 
along  the  Appalachicola  embayment,  the  southern  current 
does  not  seem  to  have  brought  in  as  yet  a  great  quantity  of 
southern  or  Chipola  types.  From  the  nature  of  this  current 
the  fauna  would  be  introduced  into  this  embayment  from  the 
west,  and  in  the  western  localities  an  intermixture  of  Chatta- 
hoochee and  Chipola  fossils  might  occur,  while  a  more  rapid 
introduction  of  the  Chipola  fauna  at  some  later  date  into  the 
Appalachicola  region  would  make  the  change  there  more  sud- 
den, and  the  two  faunas  would  be  more  distinct  in  this  eastern 
embayment.  At  Alum  Bluff  the  later  history  of  the  Chipola 
is  that  of  a  formation  containing  chiefly  phytogene  remains. 
During  this  later  period  of  the  Chipola  the  Chesapeake  fauna 
was  being  introduced  from  the  northeast,  but  owing  to  the 
phytogene  phase  at  Alum  Bluff  the  intermixture  of  Chipola 
and  Chesapeake  fossils  is  not  shown  here,  and  by  the  time  that 
marine  waters  again  covered  Alum  Bluff  the  southern  fauna 
had  been  excluded  by  the  Chesapeake  current.  Towards  the 
west,  however,  this  transformation  of  faunas  may  not  have 
been  so  complete  at  the  close  of  the  phytogene  phase,  in  fact 

*  The  difference  between  the  correlation  here  attempted  and  that  suggested 
by  Mr.  Johnsou,  in  his  paper  on  the  Miocene  group  of  Alabama,  loc  cit,,  is  that 
the  Alum  Bluff  plant  containing  deposits  being  considered  at  that  time  of  post- 
Chesapeake  age,  it  was  necessary  on  the  basis  of  any  true  principles  of  correla- 
tion to  classify  the  phytogene  deposits  of  Alabama,  if  at  all,  as  post-Chesapeake, 
instead  of  pre-Chesapeake,  hence  Mr.  Johnson's  desire  to  classify  the  fossiliferous 
deposits  at  Roberts  as  the  Chesapeake  (Alaqua  phase)  instead  of  the  lowest 
Miocene,  as  he  informs  me  Mr.  Dall  interprets  the  same.  A  marginal  pencil 
note  by  Mr.  Johnson  to  this  passage  adds  *•  mixed  with  some  of  older  time  of 
Chipola  "  fossils  suggesting  the  possibility  that  Chipola  as  well  as  Chattahoochee 
fossils  may  be  present  below  the  phytogene  deposits  of  Alabama.  On  the  basis 
of  present  views  the  true  Chesapeake  deposits  of  Alabama  must  be  expected 
above  instead  of  below  the  Hattiesburg  phytogene  phase.  How  far  these  views 
are  correct  will  have  to  be  shown  by  future  studies. 
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the  cold  water  current  may  never  have  been  strong  enough 
to  totally  exclude  the  warm  water  fauna  so  far  westward,  and 
hence  an  intermixture  of  Chipola  and  Chesapeake  faunas  with 
a  decrease  of  the  cold  water  elements  must  be  expected  on 
going  westward  beyond  the  sphere  of  strongest  influence  of  this 
current.  Finally,  the  phytogene  phases  being  of  course  a  fixed 
horizon  only  relatively,  showing  only  a  general  concordance  of 
continental  development  southward,  it  may  be,  that  while  the 
Alum  Bluff  region  was  receiving  phytogene  perezonal  deposits, 
the  invading  Chesapeake  fauna  of  this  time,  although  excluded 
from  the  Alum  Bluff  area,  passed  by  to  the  southward,  and 
reached  western  areas  before  certain  localities  in  this  western 
region  had  assumed  the  phytogene  phase.  This  would  be 
quite  naturally  the  case  if  the  elevation  of  the  Chipola  land 
was  more  pronounced  eastward  in  the  Appalachicola  area,  than 
westward  in  the  Yellow  River  region.  The  result  would  be 
the  introduction  of  a  Chesapeake  element  into  the  Chipola 
fauna  at  a  time  preceding  the  phytogene  stage  of  these  west- 
ern regions.  In  this  manner  a  certain  commingling  of  Chesa- 
peake and  Chipola  types  might  be  expected  to  exist  both  in 
the  formations  preceding  and  in  those  following  the  phytogene 
phase  westward.  With  a  full  understanding  of  all  of  these 
possibilities  it  may  be  possible  to  establish  in  the  future  on  the 
basis  of  detailed  work,  some  such  correlation  between  the 
Miocene  horizons  of  the  Appalachicola  embayment  and  the 
various  members  of  the  Grand  Gulf  group,  as  that  suggested 
in  the  preceding  lines,  on  the  results  of  the  present  stage  of 
knowledge,  and  in  consequence  partly  of  the  discovery  of  the 
phytogene  character  of  the  upper  Chipola  sands  at  Alum  Bluff. 
It  is  hoped  these  observations  may  encourage  further  investi- 
gation and  not  be  considered  final. 

The  Chesapeake  formation  at  Alum  Bluff  merges  at  the  top 
into  a  few  feet  of  a  dark  looking  clay,  the  burrowing  places  of 
thousands  of  mud-burrowing  bees,  in  which  clay  occur  Chesa- 
peake fossils,  in  some  places  rather  plentifully.  While  of 
course  it  would  be  useless  to  deny  the  total  absence  of  phyto- 
gene remains  here,  since  negative  evidence  is  never  final,  it 
should  be  said  that  the  writer  made  two  trips  to  this  region, 
one  for  the  special  purpose  of  determining  this  question,  and 
while  there  was  no  trouble  in  tracing  the  loose  palmetto  leaf 
and  other  remains  to  the  Upper  Chipola  sands  and  their  inter- 
laminated  clays  in  the  cliffs  above,  where  they  occur  in  situ, 
in  no  instance  was  any  leaf  or  stem  found  by  us  in  the  peculiar 
dark  clays  which  terminate  the  Chesapeake  at  this  locality. 
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While  there  have  been  already  some  very  valuable  results  at- 
tained in  the  study  of  the  paleontological  remains  of  certain  local- 
ities in  the  Gulf  Miocene,  chiefly  due  to  the  energy  of  Mr.  W.  H. 
Dall,  the  examination  of  the  geology  can  hardly  be  said  to  have 
more  than  begun ;  and  the  present  paper  is  offered  only  as 
one  among  pioneers  in  this  direction.  A  list  of  the  fossils  of 
the  Gasteropod  Gully  locality  and  of  the  exposures  of  the 
same  horizon  within  a  radius  of  two  miles  towards  the  east 
and  southeast  are  here  appended.  Owing  to  the  lack  of  oppor- 
tunity for  the  present  to  complete  their  study  by  a  comparison 
with  the  original  types  scattered  in  various  museums,  the  publica- 
tions used  in  their  identification  are  indicated  in  the  last  column, 
and  the  appended  remarks  will  sufficiently  describe  the  particular 
forms  discovered.  The  main  value  of  this  list  however,  con- 
sists in  the  comparison  of  the  Gasteropod  Gully  specimens  as 
types,  with  the  corresponding  or  nearly  related  species  found 
elsewhere  in  the  Appalachicola  embayment,  and  actually^  in  the 
writer's  possession,  a  denotes  a  moderate  variation  from  the 
forms  typical  of  the  Gasteropod  Gully  Chipola ;  h  denotes  dis- 
tinct variations,  therefrom,  and  c  suggests  only  a  similar  general 
habitus  and  form. 

Notes  on  the  precedijig  species. 

1.  The  Chattahoochee,  Alum  Bluff  and  Bailey's  Ferry  speci- 
mens are  decidedly  of  the  Ostrea  divaricata  type,  but  from 
Gasterpod  Gully  only  the  free  valve  is  known.  2.  The  three 
striae  along  the  back  of  the  ribs  are  not  so  strong  as  is  indicated 
in  Conrad's  figure;  the  Chattahoochee  specimens  reach  only  four- 
sevenths  of  the  normal  size  and  have  16  or  17  ribs.  3.  Postenor 
ribs  strongest ;  umbonial  ridge  very  strongly  defined  posteriorly 
near  the  beak ;  a  depressed  area  or  groove  anterior  to  the  same 
near  the  margin,  anteriorly  to  which  with  a  concavely  sinuous 
outline  the  breadth  of  the  valves  is  diminished.  4.  Anterior  half 
strongly  depressed  ;  ribs  (19  or  20)  and  interspaces  about  equal; 
cross  striations  strong  and  tuberculate  over  the  anterior  ribs, 
squamose  towards  the  umbonial  slope,  and  coarsely  striate  pos- 
teriorly ;  a  narrow  plication  follows  the  posterior  hinge  line,  suc- 
ceeded below  by  a  broad  [)lication,  then  two  narrow  ones,  then  a 
broad  one,  after  which  the  broader  plications  of  the  umbonial 
slope  come  in.  5.  Not  exceeding  45"^""  in  length;  with  elevated 
concentric  ridges  about  2"""  apart,  or  less  regularly  arranged. 
'  6.  The  Chattahoochee  specimens  are  typical,  the  Gasteropod  Gully 
one  is  relatively  broader,  and  those  from  Alum  Bluff  are 
smaller.  7.  In  Chattahoochee  specimens  4  to  5  revolving 
striae  orn.'unent  the  whorls  of  the  spiral.  8.  Nucleus  un- 
known; remainder  21*5'"'"  long,  with  7  whorls,  the  earlier  ones 
more  rapidly  tapering,  the  last  7-7'»™  in  diameter,  with  9  ribs. 
9.  Form  of  the  spire  and  of  the  posterior  end  of  the  aperture 
between  M.  ballista,  Dall  and  iM.  bella,  Conrad  ;  outline  of  the 
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anterior  regions  nearer  M.  bella ;  length  12*5'"".     10.  Spines  of 
the  shoulder  usually  9,  reaching  13  on  a  whorl,  variable  from 
short  and  blunt  to  larger  and  more  acute,  but  not  normally  so 
acute  or  with  such  sharp  lateral  edges  as  in  the  type  of  M.  sub- 
coronata ;  the  area  between  the  angle  of  the  shoulder  and  the 
suture  is  more  inclined.     11.  Maximum  length  37™",  suture  just 
beneath  the  angle  of  the  shoulder  of  the  preceding  whorl,  area 
anterior  to  the  suture  gently  concave  and  then  rounding  into  the 
body,  the  earlier  whorls  may  be   distinctly  nodulose,  but   the 
nodules  usually  become  obsolete  in  the  last  whorl.     Spiral  strisB 
present  below  the  bofly,  at  times  also  visible  above  the  rounded 
angle  of  the  shoulder.     The  smaller  shells  with  obsolete  nodules 
have  the  general  appearance  of  Bulbifusus.     In  the  Chattahoo- 
chee occurs  a  species  45"*™  long,  with  acute  spines  along  the 
shoulder,  9  or  more  on  a  whorl.      12.  Spire  very  low,   whorls 
keeled,  suture   applied   on   or  just  beneath   the   keel,   shoulder 
flattish,  slightly  concave,  keel  strongly  angulate,  nodulose,   or 
wavy  or  the  last  whorl  without  distinct  tuberculation  ;    length 
28™™.     13.  Canal  in  mature  specimens  strongly  constricted  at 
junction    with   aperture,   more  open  in  immature  ones  ;   lirsB  6 
to  7  ;  plications  2,  oftener  obsolete ;  varices  narrow,  varying  to 
more   acute,   the   alternate   ones    almost   wing-like,   resembling 
Triton.      14.    Near  Nassa  triviltata,  Say,   with   about    15  ribs, 
crossed  by  coarse  striations  which  are  distinct  below,  obsolete  on 
the  body,  and  which  give  rise  to  a  single  series  of  course  nodules 
just  below   the   suture.     15.    Spire   a  little   less   elevated.     16. 
Length  18™™,  width  10™™  ;  spire  more  rapidly  tapering,  varices  4, 
triangularly  pointed  but  hardly  spinous  above,  ridges  running 
thence   to   the   sutures   above  and   below,   and  to   the   preced- 
ing  tube.      The  intermediate   tubes   in   our   specimens   rise   so 
moderately  above  the  angle  of  the   shoulder  as   hardly  to   be 
more   than  apertures,  not  elongated    tubes  ;    this   may   be   due 
to    wear.     17.  Length    17™™,  width   6™™,  7  or   8    whorls  below 
the     nucleus,    12    strong     ribs     below,    strongest     posteriorly, 
crossed  by  five  distinct  striae  between  the  sutures.     18.  Vary- 
ing  towards   subgrundifera,   Dall,   with   which   it   is    connected 
by   intermediate    forms.       19.    A   distinct    large   quite    rapidly 
tapering  species,  with   a  strong  basal    (anterior)   and   an   almost 
equal  strong  medial,  rounded  spiral  rib,  the  intermediate  portions 
strongly  constricted,  the  whole  ornamented  by  fine  close  spiral 
striae.     20.  Very  variable.     21.  A  tine  striation  between  the  per- 
ipheral keel  and  the  spiral  above,  as  well  as  below ;  in  addition  to 
the  last  there  are  below,  first  a  narrower  spiral,  then   four  of 
nearly  equal  size,   and  finally  the  abruptly  broader  umbilical  car- 
ina.    22.  Low  narrow  spirally  radiating  ribs,  becoming  obsolete 
towards  the  apex,  curving  towards  the  right  below,  crossed  ob- 
liquely by  close  distinct  radiating  striae.     23.  A  small  form.     24. 
Diameter  8*5™™,  spire  lower,  upper  surface  more  flattened,  pro- 
ducing a  less  regularly  rounded  periphery.     25.  Length  16*8™™, 
width  1-2™™,  height  10™™,  with  about  70  radiating  striae  at  the 
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periphery,  the  striae  being  distant  at  the  apex,  becoming  broader 
and  close  at  the  periphery.  These  are  crossed  by  concentric 
striae  which  are  about  equally  distant  towards  the  apex,  bat 
close  at  the  periphery;  the  result  is  a  cancellated  appearance 
towards  the  apex  which  disappears  towards  the  base.  26.  Diam- 
eter 7*3"™,  elevation  3'9'"",  spire  very  low,  whorls  5,  umbilicas 
small,  open.  The  outer  and  inner  lips  seem  to  be  joined  over  the 
body  by  a  V-shaped  lamina,  of  which  all  of  the  lower  but  only  a 
portion  of  the  upper  part  is  preserved  in  the  specimen.  27.  Only 
the  five  upper  whorls  are  preserved. 
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Trausptirent   Xenothne^  from  Alexander  County^  North 

Carolina, 

At  a  locality  about  one  mile  southeast  of  Sulphur  Springs, 
an  outcropping  of  quartz  was  investigated  and  a  "  pocket "  of 
beautiful  crystals  was  opened  up.  As  there  was  much  musco- 
vite  associated  with  the  quartz  crystals,  and  in  a  very  disinte- 
grated condition,  the  whole  vein  matter  was  hauled  to  water 
and  washed  after  the  manner  of  gold  washing,  that  is  to  say, 
in  a  "rocker."  The  final  concentrates  proved  to  be  rich  in 
brilliantly  clear  monazite  and  to  contain  a  few  small  crystals  of 
clear,  bright  xenotime.  The  best  of  these,  which  were  unfortu- 
nately the  very  smallest,  were  sent  to  Prof.  Penfield  for  careful 
measurement  of  their  angles.  He  states  his  results  as  follows: 
The  xenotime  crystals  gave  very  good  inflections  but  showed 
some  variation  in  angles.     The  best  crystal  gave  the  following: 


North  Carolina. 
Measured. 

Dana's  6th  Edition 
Calculated. 

Z  A   2", 

z  ^Z% 

Ill  ^lll  -82"  18' 
111  A  111  -55    2^ 

82°  22' 
55   30 

He  also  measured  zy^z"  =  82°  19'  and  82°  21  J'  on  two  other 
crystals. 

It  is  thus  seen  that  the  measurements  of  these  new  crystals 
do  not  vary  essentially  from  those  of  vom  Rath  and  Klein 
quoted  by  Dana.  They  present  the  prism  Tn,  110,  in  combi- 
nation with  the  pyramid  ^,  111,  and  a  steeper  pyramid  which 
is  probably  w,  331 ;  like  figures  3  and  4  on  p.  483  of  Dana's 
Mineralogy,  sixth  edition.  The  color  of  the  crystals  was  clear 
yellow-brown.  The  largest  one  was  only  3  X  11  mm.,  while 
those  measured  were  only  about  1x2  mm.  A  distinctly 
twisted  gyroidal-like  development  was  positively  noticeJi  in 
the  larger  crystals.  It  was  impossible  to  obtain  enough  of 
these  rare  crystals  for  even  an  approximate  analysis. 
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Jarosite^  from  the  JariUa  Mta.^  Dofla  Ana  Co,y  New  Mexico, 

On  the  "  Shoo-ah-me "  (the  Peublo  Indian  name  for  tur- 
quois)  Mining  Claim,  situated  in  the  Silver  Hills  District  in 
the  above  described  region,  there  are  several  outcrops  of  limo- 
nite,  which  at  no  great  depths,  change  to  pyritiferous  copper 
ore.  At  one  of  these  the  crystals  of  jarosite  here  referred  to, 
were  found  in  comparative  abundance  though  small  and  unsat- 
isfactory. Prof.  Pentield  kindly  tested  some  of  them  and 
found  them  to  contain  Fe/),,  SO,,  H,0  and  K^O,  but  none 
were  found  smooth  enough  for  measurments.*  The  forms  pre- 
sented were  apparently  c,  0001;  ^,  lOll  and  s,  0231.  They 
occur  as  druses  of  bright  brown  crystals  having  curved  faces. 
It  is  interesting  to  add  that  a  fine  quality  of  turquois  was  being 
mined  less  than  three  rods  from  where  the  jarosite  was  found. 

Green  JLenotime,  from  the  Brindletoicn  Gold  district  of  Bnrke 

County y  North  Carolina, 

This  variety  of  xenotime  occurs  as  a  rare  constituent  of  the 
auriferous  gravels  of  the  region  named.  It  has  not  as  yet  been 
found  there  in  situ.  The  common  condition  is  that  of  opaque 
rough  crystals,  having  quite  perfect  prismatic  cleavage,  of  a 
gray-brown  color  and  a  low  degree  of  hardness.  Earely,  the 
crystals  exceed  a  gram  in  weight  and  exceptionally  some  of 
quite  perfect  form  over  two  centimeters  in  diameter  have  been 
found.  Even  larger  groupings,  of  a  polysynthetic  character, 
have  been  found  near  the  head  of  Brindle  Creek  on  the  land 
belonging  to  J.  C.  Mills  just  opposite  Pilot  Mountain. 

It  was  in  the  interior  of  some  of  the  larger  crystals  that  the 
new  green  variety  was  found.  From  its  irregular  position, 
within  the  brown  opaque  crystals,  it  seems  evident  that  the 
green  portion  represents  the  original  condition  and  the  brown 
is  an  alteration  product,  due  to  hydration,  oxidation,  etc.  The 
new  material,  which  is  of  a  bottle-green  shade,  is  transparent 
to  translucent  and  has  a  bright  vitreous  luster.  When  finely 
pulverized  it  is  soluble  in  hot  hydrochloric  acid^  which  feature 
is  new  to  the  species.  It  goes  readily  into  solution  (excepting 
the  SiOg)  when  boiled  with  concentrated  sulphuric  acid  in 
platinum  and  to  the  resulting  paste  suflScient  water  is  added. 

Through  the  kindness  of  Prof.  F.  W.  Clarke,  of  the  U.  S. 
Geol.  Survey,  I  am  enabled  to  add  here  analyses  by  Mr.  L.  G. 
Eakins,  of  both  the  green  xenotime  and  of  the  brown  alteration 
product.  In  conjunction  with  these  an  analysis  by  Blomstrand 
of  a  similar  xenotime  found  at  Naresto  in  Norway*  is  added 
for  sake  of  comparison. 

*  See  Dana's  System  Min ,  6th  edition,  p.  T49. 
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No.  1. 

Green, 
Eakms. 

SiO, 3-46 

ZrO,   1-95 

UO, 4-13 

UO. 

SnO, 

ThO, tr. 

PbO 

MgO 

Al,03.-..t 0-77 

Fe,0, 0-65 

Ce,03    

(La,Di),03 0-93 

i?;?).::::::::h«-«i*  \ 

CaO 0-21 

P,0^ 30-31 

F 0-06 

H,0 0-57 


No.  2. 

No.  3. 

Brown. 

Naresto. 

Eakins. 

Blomstrand 

3-56 

2-36 

2-19 

1-11 

1-73 

A    ^    w    w 

m   »  ^  m 

3-48 

^   ^    «>   «> 

0-08 

tr. 

2-43 

-  _  -  - 

0-68 

•  —  —  • 

0-26 

1-57 

0-28 

2-79 

2-01 

•  _  •  > 

0-96 

0-77 

w  «   «  ^ 

55-43* 

30-23 

24-34 

0-19 

1-09 

29-78 

29-23 

0-56 



1-49 

1-77 

99-85  100-06  100-31 

LessO  for  F 0*23 


99-83 


Sp.  grav =  4-68  4-46  4-49 

at  24-2°  C.  at  24-4°  C. 

The  material  analyzed  by  Eakins  in  both  instances,  was 
selected  with  great  care  by  the  use  of  a  lens  and  was  apparently 
more  uniform  in  quality  than  the  analyses  would  seem  to  indi- 
cate. It  is  a  matter  of  surprise  that  the  analyses,  especially 
that  of  the  green  variety,  show  so  complex  a  mixture.  Cal- 
culation shows  that,  the  molecular  ratios  of  the  PaO^:  (Y,  Er)303 
group  is  as  21-34  :  21-85  and  we  therefore  must  conclude  that 
the  SiOg  is  present,  not  as  admixed  quartz,  but  as  an  essential 
acidic  element  in  combination  with  the  other  constituents  :  the 
P^Oj  being  alone  insicfficient  for  ieven  the  (Y,  Er),0,  group. 

The  analysis  of  the  green  material  may  prove  a  composition 
due  to  a  partial  alteration  in  the  nature  of  pseudomorphism  by 
gradual  substitution,  but  it  seems  probable  that  xenotimef  is 
either  in  truth,  at  times,  a  silico-phosphate,  like  some  monazite 
and  auerlite  ;   or  it   is  often  mechanically  mixed  with   some 

*  The  Y  Er  group  includes  any  scandium  present  and  in  both  cases  has  a 
molecular  weight  =  260  (Kakins). 

f  Prof.  Pentield  has  lately  shown  by  his  analysis  of  a  Colorado  xenotime,  found 
in  situ,  that  it  does  sometimes  occur  in  nature  in  a  condition  of  almost  normal 
purity.     See  vol.  xlv,  p.  398,  May,  1893. 
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cyrtolite  (in  infinitely  fine  crystals)  and  also  other  silicates  of 
the  rare  earths.  The  UO,  found  by  Eakins,  like  the  UO, 
found  by  Blqmstrand  in  the  Naresto  xenotiine,  is  probably  to 
be  regarded  as  an  isomorphous  replacement  of  thoria.  The 
green  color  would  seem  to  indicate  that  the  UO,  was  present 
as  a  phosphate.  The  ThO,  is  not  constant  even  in  the  same 
locality^  for  some  of  the  common  xenotime  from  this  same 
region,  tested  for  thoria  alone  proved  to  contain  over  four 

?er  cent.*  Another  trial  on  new  material  gave  2*36  per  cent 
'hO,.  The  fluorine,  it  will  be  noticed,  is  richest  in  the 
brown  variety  (only  a  mere  trace  in  the  green)  which  is  also 
the  most  hydrated  and  richest  also  in  alumina  and  ferric  iron. 
Prof.  Henry  A.  Rowland,  of  the  Johns  Hopkins  University, 
examined  spectrographically  some  of  this  Brindletown  xeno- 
time, several  years  ago,  and  reported  it  to  be  uncommonly  rich 
in  scandium  ;  even  more  so  than  the  South  Carolina  polycrase. 


Art.  XXXIX. — Conditions  of  Appalachian  Faulting  ;  by 
Bailey  Willis  and  C.  Willard  Hayes,  Appalachian 
Division  U.  S.  Geological  Survey. 

[Published  by  permission  of  the  Director.] 

Chamberlin  in  1882  suggested  that  folding  and  faulting  of 
strata  in  narrow  zones  of  great  sedimentation  might  be  due  to 
the  mechanical  condition  produced  in  deeply  buried  layers, 
which  would  be  bent  initially  beneath  the  mass  laid  upon 
them  before  compression  produced  greater  deformation.f 
Geologists  of  the  Appalachian  division  of  the  U.  S.  Geolog- 
ical Survey,  approaching  the  problems  of  structural  geology 
tlirough  field  study  in  the  belt  from  Pennsylvania  to  Alabama 
and  experiments  on  stratified  blocks,  which  were  compressed 
under  shot,  were  led  independently  to  the  conclusion  that 
the  condition  which  determined  folding  and  faulting  re- 
sided in  the  strata  folded  or  faulted  and  was  a  mechanical  con- 
dition determined  by  the  frangibility,  flexibility  or  plasticity 
of  the  strata  and  by  their  attitude  as  struts  toward  pressure. 
The  experimental  work  and  some  observed  facts  bearing  on 
the  conclusions  are  described  in  an  article  now  in  press,:]:  and 

*  As  the  thoria  was  swparated  by  repeated  hyposulphite  treatments  in  a  neutral 
HCl  solution  and  precfpitated  finally  as  oxalate  and  as  the  ignited  oxide  was  pure 
white,  there  can  be  no  doubt  of  its  identity. 

f  Geology  of  Wisconsin,  vol.  1,  p.  76. 

J  Mechanics  of  Appalachian  Structure,  Bailey  Willis,  XEIIth  Ann.  Report  U. 
8.  G.  S. 

Am.  Joub  Sol— TaiKD  Series,  Vol.  XLVI,  No.  274— October.  1893 
18 
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the  conditions  which  gave  rise  to  the  great  system  of  over- 
thrusts  in  the  Appalachian  province  are  there  discussed. 

But  the  article  by  Dr.  E.  A.  Smith  in  this  Journal  for 
April,  1893,  on  Dnderthrust  Folds  and  Faults,  suggests  the 
desirability  of  briefly  presenting  our  views  through  the  same 
medium.  If  the  normal  Appalachian  overthrusts  and  the  so- 
called  "  underthrusts  "  are  produced  by  the  same  mechanical 
forces  slightly  modified  by  local  conditions  it  seems  unneces- 
sary as  well  as  undesirable  to  create  a  new  species  for  the  latter 
in  the  systematic  classification  of  Appalachian  structural  forms. 

First  will  be  stated  the  antecedent  conditions  for  the  devel- 
opment of  Appalachian  structure ;  second,  the  mechanics  of 
stepfolds  and  thrust-faults  and  repeated  parallel  folds  or  faults ; 
third,  application  of  the  theoretical  conclusions  will  be  made 
to  the  actually  observed  Appalachian  structure,  and  finally  the 
direction  from  which  the  compressing  force  acted  will  be 
briefly  discussed. 

Sedimentation  and  initial  dips. — The  source  of  the  greater 
part  of  Paleozoic  sediments  of  the  central  and  southern  Appa 
lachians  is  generally  assumed  to  be  a  continental  area  lying 
east  and  southeast  of  the  interior  area  of  deposition.  This 
was  doubtless  the  original  source  of  the  material  but  the  later 
formations  are  probably  largely  made  up  of  re-deposited  mate- 
rial eroded  from  those  earlier  formed.  From  the  observed 
processes  of  sedimentation  it  is  known  that  mechanical  sedi- 
ment from  the  land  is  deposited  over  a  zone  parallel  to  the 
shore  and  extending  to  a  greater  or  less  distance  out  to  sea. 
But  under  the  usual  conditions  of  tides  and  undertow  the 
greatest  thickness  of  the  deposit  will  be  in  a  narrow  belt  along 
shore  and  will  gradually  lessen  seaward.  Throughout  great 
masses  of  sediment  it  is  frequently  observed  that  the  layers 
bear  the  rippled  marked  surfaces  formed  in  shallow  water,  com- 
pelling the  conclusion  that  subsidence  went  on  at  a  rate  equal 
to  that  of  deposition.  The  subsidence  is  an  argument  for 
isostatic  adjustment  to  shifting  load.  It  is  also  an  argument, 
on  the  assumption  of  a  general  cause  of  subsidence  other  than 
isostasy,  that  the  effects  of  such  cause  may  be  localized  and 
the  subsidence  accelerated  by  loading.  Or  it  might  be  argued 
that  any  force  acting  vertically  may  deepen  the  water  and  that 
off  shore  currents  expanding  in  deeper  water  and  therefore 
slowing  there  would  deposit  heavily  upon  the  subsiding  area. 
Whatever  view  be  taken  of  the  process  the  fact  remains  that 
subsidence  has  frequently  gone  on  at  a  rate  approximately 
equal  to  that  of  accumulation  of  strata.  The  cross  section  of 
such  a  deposit  is  that  of  a  biconvex  lens.  One  edge  rests 
against  the  shore  from  which  it  thickens  rapidly  and  then 
thins  gradually  seaward.     The  lower  surface  of  this  lens  is 
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the  conformable  contact  between  the  newer  and  older  strata 
and  it  follows  that  the  older  strata  dip  more  or  less  steeply 
from  the  shoreward  side  to  the  thickest  part  of  the  lense  and 
thence  rise  more  gradually  seaward.  The  condition  then  exist- 
ing is  represented  in  fig.  1,  and  the  broad  shallow  trough 
formed  by  the  deeper  strata  may  be  called  an  onginal  syncline. 


Fn».  1.— Syncline  of  Deposition. 


Fig.  2. — Step  fold. 
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Fio.  3.— Thrust  fauh. 
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FiQ.  4. — Section  in  Northern  Alabama^ 


That  such  original  synclines  of  deposition  existed  in  the 
paleozoic  strata  of  the  Appalachians  previous  to  compression 
is  clearly  shown  from  a  consideration  of  the  variations  in  thick- 
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ness  of  strata  deposited  on  the  great  limestone.  Thus  in 
Lycoming  county,  Pennsylvania,  the  total  thickness  of  strata 
between  the  coal  measures,  XIII,  and  the  Cambro-Silurian 
limestone  is  9700  feet,  while  in  Carbon  county  it  is  23,700  feet. 
There  can  be  no  doubt  that  the  surface  on  which  the  coal  beds 
formed  was  essentially  horizontal  and  it  follows  that  to  accom- 
modate this  greater  thickness  beneath  a  horizontal  datum  and 
above  the  great  limestone  the  latter  must  have  had  an  initial 
dip  from  Lycoming  to  Carbon  county.  This  dip  amounted  to 
about  200  feet  per  mile  and  carried  the  limestone  down  14,000 
feet  lower  in  the  Anthracite  region  than  in  the  Alleghany 
region.  It  was  a  dip  due  to  vertical  subsidence,  not  to  com- 
pression, and  foriTied  the  northwestern  gentle  slope  of  an 
original  syncline  of  deposition. 

The  stratigraphic  sections  published  by  the  Second  Geo- 
logical Survey  of  Pennsylvania  when  compared  in  detail  indi- 
cate that  each  of  the  anthracite  basins  is  related  to  an  area  of 
maximum  deposition  in  consequence  of  which  the  deeper 
strata  assumed  the  form  of  an  original  syncline  which  later 
become  a  syncline  of  compression.  Thus  in  the  Wyoming 
basin  No.  XI  has  a  thickness  of  150  to  400  feet  along  the 
sides  but  is  1200  feet  thick  at  Shickshinny  on  the  synclinal 
axis. 

In  East  Tennessee  similar  original  synclines  of  deposition 
have  been  observed,  as  that  in  the  Bays  Mountains  where  the 
Silurian  shales  increase  in  thickness  from  1800  feet  on  the 
western  side  to  4000  or  more  near  the  axis,  necessitating  a  very 
considerable  initial  dip.  Another  is  represented  in  fig.  1,  p. 
259,  in  which  the  thicknesses  are  those  observed  in  a  section 
through  Clinch  Mountain  near  Rogersville,  Tennessee,  but  the 
position  of  the  shore  line  and  the  shoreward  thinning  of  the 
upper  strata  are  hypothetical.  In  northwest  Georgia  the 
increase  in  thickness  by  2000  feet  or  more  in  the  lower  Car- 
boniferous must  have  produced  an  original  syncline  in  the 
present  Armuchee  basin.  Also  on  the  western  side  of  Mur- 
phree  Yalley  in  Alabama  the  Lookout  sandstone  forming  the 
base  of  the  Coal  measures  is  only  about  60  feet  thick  while  15 
miles  eastward  it  has  a  thickness  of  from  600  to  800  feet,  indi- 
cating a  sharp  syncline  of  deposition  on  the  line  of  the  present 
Blount  Mountain  syncline.  The  effect  of  this  initial  eastward 
dip  upon  the  structure  will  be  indicated  later. 

The  original  synclines  so  far  mentioned  have  axes  parallel 
with  the  general  trend  of  the  present  axes  of  compression 
which  they  doubtless  determined,  but  in  northern  Georgia 
and  Alabama  there  is  evidence  of  an  old  shore  line  extending 
nearly  east  and  west  with  the  accompanying  syncline  of  depo- 
sition parallel  to  it  on  the  north.     This  has  doubtless  been  the 
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chief  factor  in  prodncing  many  of   the    peculiar  structural 
features  which  characterize  this  region.* 

Considered  with  reference  to  their  massiveness,  strata  in  the 
Appalachian  province  fall  into  three  great  groups :  at  the  base 
a  series  of  thinly  stratified  Cambrian  sandstones,  shales  and 
limestones;  in  the  middle  a  very  massive  Cambro-Silurian 
limestone,  and  on  top  a  series  of  thinly  stratified  Sandstones 
and  shales.  Locally,  strata  in  the  upper  and  lower  series  be- 
come massive  but  none  have  the  extent,  uniformity  and  mas- 
siveness of  the  great  limestone,  which  is  2500  to  6000  feet 
thick  m  the  folded  zone  and  covers  more  than  600,000  square 
miles.  On  any  line  across  the  zone  of  deformation  this  stra- 
tum would  most  eflSciently  transmit  a  pressure  acting  tangen- 
tially  to  the  earth's  surface,  and  if  before  compression  it  were 
anywhere  bent  upward  or  downward,  then  during  compression 
the  preexisting  bend  would  determine  the  point  at  which  it 
would  yield  to  suflScient  force  ;  it  would  act  as  a  crooked  strut. 

That  such  bends  did  exist  in  the  great  limestone,  before  the 
action  of  compression  which  produced  the  Appalachian  folds, 
has  been  shown  from  a  consideration  of  the  process  of  sedi- 
mentation and  from  the  observed  synclines  of  deposition  men- 
tioned above.  In  the  Appalachian  province  in  such  original 
synclines  the  steeper  seaward  dip  was  northwestward  and  the 
gentler  shoreward  dip  was  southeastward.  Now  if  strata  occu- 
pying the  initial  position  represented  in  fig.  1,  p  259,  be 
subjected  to  a  sufficient  compressive  force  they  will  yield  at 
the  bends;  the  original  anticline,  and  the  original  syncline 
will  be  exaggerated  while  the  steeper  and  iience  shorter 
limb  of  the  syncline  will  occupy  the  position  of  an  arm  be- 
tween the  forces  of  a  couple.  It  will  therefore  be  rotated  so 
that  the  original  seaward  dip  will  grow  steeper  and,  \L  com- 
pression continues  long  enough,  may  be  overturned,  ouch  a 
fold  may  be  compared  to  a  step  of  l)road  tread  and  moderate 
rise  and  hence  may  be  called  a  stepfold^  fig.  2,  p.  259.  This 
has  long  been  recognized  as  the  usual  antecedent  of  an  Appa- 
lachian thrust-fault. 

JJevelopinent  of  Thrust  faults, — There  are  three  mechanical 
conditions  by  either  one  of  which  a  thrust- fault  may  develop 
from  a  stepfold.  Tlie  pressure  tending  to  exaggerate  the  fold 
will  be  most  efficiently  transmitted  by  the  most  massive  stra- 
tum, in  the  Appalachians  by  the  great  Silurian  limestone,  and 
any  condition  which  weakens  this  stratum  may  lead  to  a  fault. 

The  first  condition  is  erosion.  The  development  of  folds  is 
probably  gradual,  and  although  the  original  position  may  be 
submarine  the  rise  of  an  anticline  will  eventually  lift  its  crest 

*The  Overthrust  Faults  of  the  Southern  Appalachians,  C.  W.  Hayes;    Bull. 
Geol.  Soc.  Am.,  vol.  ii,  pp.  141-152. 
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above  the  not  very  deep  waters  along  shore.  From  the  begin- 
ning of  emergence  the  arch  will  be  subject  to  degradation  and 
its  waste  will  be  deposited  in  the  adjacent  synclines.  Then, 
the  crown  of  the  arch  being  removed,  the  separated  limbs  of 
any  rigid  stratum  will  tend  to  approach  if  compression  con- 
tinues. If  the  stratum  dips  steeply  the  horizontal  component 
of  this  movement  will  be  small  and  the  vertical  component 
will  be  masked  by  erosion  ;  but  if  the  dip  be  gentle  the  rigid 
stratum,  to  which  no  resistance  save  friction  is  opposed,  may 
advance  over  the  eroded  surface  and  a  thrust-fault  be  developed 
on  a  horizontal  or  gently  dipping  plane.  Such  a  thrust-fault 
might  readily  escape  observation  if  one  end  of  the  rigid  stra- 
tum were  pushed  upon  the  other  or  might  be  mistaken  for  an 
unconformity  by  deposition  if  it  were  exposed  at  the  contact 
of  younger  with  older  strata. 

The  second  condition,  which  may  lead  to  the  development 
of  a  thrust-fault  from  a  stepfold,  is  fracture.  If  a  rigid 
stratum  be  sufficiently  bent,  in  the  absence  of  a  load  adequate 
to  cause  continued  flexure,  the  stratum  will  break  and  the 
crack  will  offer  a  plane  of  weakness  on  which  a  thrust-fault 
may  occur.  Fig.  3,  p.  259.  The  crack  will  be  radial  to 
the- curve  and  the  fault  being  determined  by  the  resistance 
offered  by  the  gently  dipping  limb  of  the  adjacent  anticline, 
will  usually  have  a  fault-dip  parallel  to  the  dip  of  that  limb. 
This  is  the  common  type  of  Appalachian  thrust-faults.  The 
essential  condition,  that  the  rigid  stratum  should  be  free  from 
excessive  load,  may  arise  either  because  the  deposits  over  that 
stratum  were  never  very  thick  or  because  erosion  cuts  away 
overlying  strata  on  the  crown  of  the  arch  and  thus  removes 
the  load.  The  great  Silurian  limestone  in  the  Appalachian 
district  of  thrust-faults  bore  from  2500  to  10,000  feet  of  strata ; 
and  in  the  district  of  folding  without  the  development  of 
faults  it  bore  from  10,000  to  30,000  feet  of  strata.  To  depths 
of  five  miles  in  the  earth  the  pressure  due  to  gravity  is 
approximately  proportioned  to  the  depth  and  one  foot  of  strata 
corresponds  to  about  1^  pounds  of  pressure  per  square  inch. 
Hence  we  infer  that  the  great  limestone  broke  and  thrust-faults 
were  produced  under  loads  of  2800  to  11,000  pounds  per 
squaie  inch,  but  it  folded  without  breaking  under  loads  of 
11,000  to  34,000  pounds  per  square  inch. 

The  third  condition,  under  which  a  thrust-fault  may  develop 
from  a  stepfold  is  that  of  plastic  flow.  A  sufficiently  loaded 
stratum  may  be  stretched  in  its  overturned  limb  and  so  thinned 
or  torn  apart  as  to  constitute  an  overthrust.  This  type  can 
develop  only  under  excessive  load.  It  is  not  known  in  the 
Appalachians  except  in  the  case  of  coal  beds  of  the  Anthracite 
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region  and  has  been  most  fully  described  by  Heim  from  exam- 
ples observed  in  the  Alps. 

This  explanation  of  the  origin  of  stepfolds  rests  upon  con- 
ditions of  sedimentation  along  shore  and  may  suffice  for  those 
cases  in  which  the  observed  facts  of  stratigraphy  indicate  the 
antecedent  development  of  a  syncline  of  deposition.  But 
geologists  familiar  with  the  number  and  relations  of  Appala- 
chian folds  and  thrust- faults  may  fairly  object  to  the  assump- 
tion of  a  shore  line  and  an  original  syncline  for  each  one.  A 
supplementary  explanation  is  required  and  it  must  account  for 
the  extraordinary  parallelism  generally  existing  among  the 
axes.  This  explanation  may  be  found  in  the  results  of  the 
development  of  competent  anticlines. 

Competent  structure, — When  a  force  tangential  to  the  earth's 
surface  affects  a  stratified  mass,  it  is  transmitted  by  the  strata 
in  the  direction  of  their  lateral  extent  and  by  each  stratum 
according  to  its  rigidity.  To  illustrate,  if  pressure  be  applied 
to  the  side  of  a  pile  of  tissue  paper  in  which  are  leaves  of 
card  board  of  the  same  size,  the  predominant  effective  pressure 
apparent  on  the  other  side  is  that  transmitted  by  the  card- 
boards. The  stratum  which  thus  most  effectively  transmits 
pressure  may  be  called  the  competent  stratum  ;  and  it  is  plain 
that  the  term  "competent"  is  significant  of  relative  rigidity, 
not  of  an  absolute  quality.  In  the  Appalachian  province  tne 
competent  stratum  was  the  great  limestone. 

If  the  pressure  transmitted  by  a  competent  stratum  arrives 
at  a  bend  due  to  initial  dip,  the  force  is  resolved  into  two  com- 
ponents ;  the  one  acts  in  the  direction  of  the  stratification,  the 
other  acts  in  a  line  normal  to  the  stratum,  or  radially.  If  the 
curve  be  convex  upward  it  will  develop  into  an  anticline  of 
deformation  when  the  radial  component  of  the  force  is  strong 
enough  to  bend  the  straca  and  carry  up  the  superincumbent 
load.  The  strength  of  this  component  is  determined  by  the 
strength  of  the  orifi:inal  force  and  by  the  initial  curvature  of 
the  stratum.  No  anticline  can  develop  unless  the  radial  com- 
ponent of  the  force  for  a  given  original  curvature  is  equal  to 
the  task,  nor  for  a  given  force  unless  the  original  curvature  is 
sufficient  to  deflect  a  competent  component.  If  these  condi- 
tions be  fulfilled  the  competent  stratum  will  rise  in  anticlinal 
form  and  will  carry  the  overlying  load  on  its  qrown.  The 
zone  beneath  the  crown  is  then  relieved  of  load,  which  is 
transferred  to  the  limbs.* 

If  the  stratified  series  be  made  up  of  many  beds  of  nearly 
equal  competency  alternating  with  relatively  incompetent  beds 
such  as  thin  interbedded  limestones  and  shales,  then  each  com- 

*H.  Schardt,  Bull,  de  la  Societe  Vaudoise  des  Sci.  Nat.,  vol.  xx,  1884.  pp. 
143-146.     B.  Willis,  Mechanics  of  App.  Structure,  Xlllth  Ann.  Rep.  U.  S.  G.  S. 
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petent  layer  will  carry  up  the  immediately  overlying  incompe- 
tent layer  and  the  total  weight  raised  in  the  anticline  upon  its 
numerous  competent  arches  will  be  distributed  through  their 
limbs  to  many  points  of  support.  But  if  the  stratified  series 
consists  of  one  massive  competent  stratum  overlaid  by  a  great 
thickness  of  relatively  incompetent  strata,  then  the  total 
weight  raised  on  the  anticline  will  be  transferred  by  the  mas- 
sive competent  stratum  to  those  parts  of  the  curve  which  are 
concave  upward,  that  is  to  the  adjacent  synclines.  Applying 
these  general  conclusions  to  the  special  case  of  an  original 
Appalachian  stepfold  we  may  represent  (fig.  5)  the  competent 


FiQ.  5.— Development  of  origrinal  competent  anticline  A. 

stratum  by  a  single  heavy  black  line.  If  the  weight  raised  by 
the  competent  anticline  A  be  W,  then  the  limbs  of  the  arch 
will  transmit  the  weights  iv^  and  w"  whose  sum  will  be  equal 
to  W  and  whose  ratio  will  depend  on  the  relative  dips  of  the 
two  limbs.  As  the  limb  A  S  becomes  steeper  w'  will  increase 
in  proportion  to  w''  and  its  eilect  will  be  concentrated  at  the 
foot  of  A  S.  If  the  arch  A  be  eroded  such  part  of  the  sedi- 
ment as  falls  in  the  syncline  S  will  also  concentrate  in  a  narrow 
zone,  while  that  which  falls  on  the  other  limb  will  be  distribu- 
ted on  its  gentle  slope.  The  downward  pressure  thus  pro- 
duced beneath  the  original  syncline  S,  is  directly  related  to  W  ; 
it  is  an  indeterminate  weight  which  may  be  designated  x 
(fig.  6). 


Fro.  6.— Development  of  consequent  competent  anticline  A'. 

The  weight  di'  tends  to  depress  the  limb  SA'  and  if  it  causes 
depression  at  S  it  must  displace  the  subjacent  support,  which 
will  move  toward  A,  the  region  of  relief;  the  limb  S  A' of 
the  competent  stratum  will  then  sink  downward  in  a  long 
gentle  curve,  x  must  be  greater  than  the  weight  required  to 
displace  the  support  at  S  and  the  excess  will  be  exerted  in 
bending  S  A' ;  being  effective  at  a  point  A^  so  far  distant 
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from  S  that  the  moment  of  x  into  S  A'  is  greater  than  the 
resistance  which  the  competent  stratum  opposes  to  bending. 

Now  the  force  of  compression,  P,  is  resolved  at  k!  into  two 
sets  of  components,  those  tangential  and  those  radial  to  the 
curve.  As  the  curvature  increases  through  the  e£fect  of  the 
moment  a?xS  A^,  the  radial  components  increase  in  proportion 
to  the  tangential  and  when  their  upward  directed  force  ex- 
ceeds the  weight  on  the  competent  stratum  at  A',  a  competent 
anticline  will  develop  there. 

The  anticline  A'  is  subsequent  in  time  and  causally  related 
to  the  anticline  A.  A'  is  therefore  a  consequent  to  A  and 
may  be  called  a  consequent  fold  in  distinction  from  A,  the 
original  fold.  The  distance  of  A'  from  A  is  determined  by 
the  length  of  the  limb  SA',  which  is  itself  determined  by  con- 
*  ditions  in  the  strata ;  therefore  so  long  as  the  stratigraphic 
series  remains  invariable  the  distance  A'  A  will  be  constant 
and  the  two  folds  will  be  parallel.  This  is  the  condition  which 
any  explanation  of  Appalachian  folding  must  satisfy. 

The  form  of  the  anticline  A'  will  probably  vary  in  different 
cases:  it  may  be  symmetrical  or  unsymmetrical,  and  if  the 
latter,  it  may  be  overthrown  to  one  side  or  the  other.  With  a 
steep  initial  dip  from  A'  toward  S,  there  might  be  developed 
an  overturned  limb  facing  the  original  fold  (tig.  7)  and  then, 
if  both  the  original  and  the  consequent  folds  were  faulted  the 
thrust-faults  would  present  opposite  fault-dips.     This  however 


Fig.  7.— Development  of  opposed 
overturns. 


Fig.  8.— Development  of  parallel 
overturns. 


is  the  rare  exception  and  the  reason  for  the  overturn  of  the 
consequent  in  the  same  direction  as  the  orijgrinal  fold  appears 
from  a  further  analysis  of  the  process.  The  form  of  the 
gently  sloping  arm  of  the  syncline  S  A'  is  det(;rmined  largely 
by  the  depression  of  S  and  is  slightly  convex  upward  from  A^  to 
a  point  of  inflexion,  i^  near  S,  (ii^.  6).  Now  the  force  P  is  con- 
tinuously resolved  upon  the  curve  A^  i  into  components  acting 
tangentially  along  the  stratification  and  radially  at  right  angles 
to  the  same.  The  tangential  components  are  opposed  by  the 
resistance  at  S  while  the  radial  components  tend  to  lift  the 
curved  limb  A'  i  against  the  weight  of  the  overlyin/^y  strata 
and  the  resistance  to  bending.  In  the  flat  lying  strata  on  the 
other  side  of  A'  the  force  P  is  not  resolved  into  components 
so  that  the  only  force  tending  to  elevate  this  part  of  the  com- 
petent stratum  is  the  radial  component  at  A'.  This  elevation 
is  opposed  by  the  weight  of  the  superincumbent  load  and  the 
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resistance  to  bending  offered  by  the  strata,  both  of  which 
forces  tend  to  hold  down  this  portion  of  the  competent  stratum. 
But  the  radial  components  directed  upward  in  the  convex 
curve  at  and  near  A'  must  carry  up  the  crown  of  the  arch,  if 
it  develops  as  a  competent  structure,  and  in  so  doing  they 
cause  the  beginning  of  a  concave  curve  in  the  section  PA'. 
As  this  curve  becomes  sharper,  the  force  P  is  resolved  into 
components  tangential  and  radial  to  the  curve,  the  latter  being 
directed  downward.  Thus  the  limb  S'A',  lig.  8,  occupies  a 
position  between  forces  acting  downward  at  one  end  and  up- 
ward at  the  other  and  a  neutral  point  n  becomes  a  center  of 
rotation  for  that  limb.  Moreover  the  force  P  is  absorbed  in 
the  development  of  these  radial  components  and  with  increas- 
ing curvature  there  is  decreasing  pressure  in  the  other  limb 
A'  S  and  consequently  less  and  less  tendency  to  further  bend- 
ing. The  flow  of  material  from  the  point  of  support  S'  of  the 
competent  arch  toward  the  zone  of  relief  A'  beneath  the  arch 
also  tends  to  promote  the  rotation  of  A^  S^  Thus  a  conse- 
quent stepfold  is  developed  parallel  to  and  overturned  in  the 
same  direction  as  the  original  fold  which  depended  upon 
initial  dips.  The  same  process  may  continue  with  the  forma- 
tion of  an  indefinite  number  of  parallel  folds  all  turned  in  the 
same  direction  and  each  consequent  upon  the  one  next  preced- 
ing it  in  time  and  position. 

Another  factor  in  determining  the  direction  of  overturn  of 
the  consequent  fold,  as  pointed  out  by  Dutton,*  may  be  deep 
seated  isostatic  flow.  If  such  flow  of  material  from  the  area 
of  sedimentation  toward  the  area  of  erosion  actually  takes 
place  its  effect  may  be  to  displace  S  and  S',  the  supports  of 
the  anticlinal  arches,  toward  the  shore  line  and  so  to  add  to 
the  rotation  of  the  seaward  limbs  of  the  anticlines. 

Next  to  the  parallelism  and  continuity  of  their  axes  the 
most  remarkable  feature  of  the  Appalachian  folds  is  the  uni- 
formity in  the  direction  of  their  steeper  sides.  This  indicates 
a  corresponding  uniformity  in  the  initial  dips  of  the  synclines 
of  deposition  which  determined  the  form  of  the  original  step- 
folds.  It  also  indicates  the  prevalence  of  conditions  favorable 
for  the  westward  overturn  of  the  consequent  folds.  As 
shown  in  the  above  analysis  of  the  process  by  which  the  con- 
sequent folds  are  formed,  an  important  condition  is  the  long 
western  limb  of  the  original  syncline  convex  upward  and  with 
gentle  dip  eastward. 

Two  exceptions  to  this  westward  inclination  of  the  folds  are 
known  in  the  southern  part  of  the  province.  These  are  the 
northern  portions  of  the  Wills  Valley  and  Murphree  Valley 

*  On  some  of  the  greater  problems  "of  Physical  Geology,  0.  K.  Dutton,  Bull. 
Phil.  Soc.  Washington,  vol.  xi,  188i).  p.  60. 
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anticlines  The  former  is  overturned  eastward  and  the  latter 
is  overturned  and  faulted,  the  plane  of  the  thrust-fault  dippings 
steeply  toward  the  west.  The  latter  case  is  the  one  mentioned 
by  Dr.  Smith  as  illustrating  his  type  of  so-called  "  underthrust 
faults."  The  structure  is  shown  in  the  sections  accompanying 
the  Gadsden  Atlas  Sheet.* 

Comparing  the  thickness  of  the  Carboniferous  formations 
of  this  region  we  are  able  to  reconstruct  the  original  syncline 
of  deposition  which  has  determined  the  location  and  form  of 
the  Murphree  Yalley  fold.  In  other  parts  of  this  region  there 
is  a  very  gradual  westward  thinning  observable  in  all  the  Pale- 
ozoic formations  implying,  if  any,  very  moderate  eastward 
initial  dips.  In  this  particular  locality,  however,  the  Lookout 
sandstone,  the  lower  portion  of  the  coal  measures,  has  its 
maximum  thickness  of  800  feet  in  the  Blount  Mountain  syn- 
cline; from  this  it  thins  rapidly  westward  to  60  feet  or  less 
west  of  the  Murphree  Valley  anticline  and  also  eastward, 
thongh  less  rapidly  to  Chandler  Mountain.  Hence  there  must 
have  been  an  original  syncline  of  deposition  whose  axis  coin- 
cided with  the  Blount  Mountain  syncline  and  which  had 
initial  dips  eastward  steeper  than  those  westward.  These 
initial  eastward  dips  were  sufficiently  pronounced  to  produce 
an  overturn  toward  the  southeast.  The  form  of  the  fold  natu- 
rally determined  the  dip  of  the  thrust-fault  when  faulting 
was  developed  as  a  secondary  effect  of  continued  compression. 

Since  the  Murphree  Valley  fold  shows  a  further  stage  of 
development  than  the  southern  portion  of  the  Wills  Valley 
fold  it  may  perhaps  properly  be  regarded  as  an  original  step- 
fold  developed  on  the  westward  side  of  the  syncline  of  deposi- 
tion while  the  latter  is  the  consequent  fold. 

The  reason  for  the  eastward  overturn  in  the  second  case 
mentioned,  the  northern  end  of  Wills  Valley,  is  more  obscure 
than  in  the  case  of  Murphree  Valley.  The  form  of  the 
fold  is  shown  on  the  Stevenson  Sheet  f  It  is  quite  pos- 
sible that  the  coal  measures  thicken  eastward  from  Fox 
Mountain  toward  the  Lookout  Mountain  syncline,  indicat- 
ing an  initial  eastward  dip  sufficient  to  determine  the  direc- 
tion of  overturn  of  the  resulting  fold.  Whatever  may  have 
been  the  cause  of  the  abnormal  form  which  the  fold  assumed 
it  was  purely  local,  for  the  fold  becomes  symmetrical  a  few 
jniles  from  its  northern  end  and  thence  southward  assumes  the 
normal  form  with  overturn  toward  the  west. 

Direction  of  the  compresiiiig  force, — Thus  far  the  origin 
and  direction  of  a  force  adequate  to  produce  folding  and  fault- 

*  Geologic  Atlas  of  the  United  States,  Gadsden  Folio,  Geology  by  C.  W.  Hayes. 
In  press. 

t  Geologic  Atlas  of  the  United  States,  Stevenson  Folio,  Geology  by  C.  W. 
Hayes.     In  press. 
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ing  have  not  been  considered  in  presenting  the  mechanics  of 
the  problems ;  although  it  is  too  large  a  subject  for  full  discus- 
sion here  it  cannot  be  altogether  omitted.  It  has  long  been 
assumed  that  the  force  in  the  Appalachian  province  came  from 
the  southeast,  because  the  folds  are  overthrown  toward  the 
northwest.  Heim  disposed  of  this  argument  in  pointing  o^it 
that  the  overturn  must  always  be  toward  the  deeper  syncline; 
and  it  is  here  shown  that,  in  accordance  with  the  conditions  of 
deposition,  the  deeper  syncline  in  original  folds  must  be  off  the 
land.  Therefore  the  direction  of  the  force  cannot  be  inferred 
from  the  direction  of  the  overturn. 

Force  and  resistance  must  he  equal  or  movement  ensues. 
Acting  against  flat  strata,  a  sufficient  pressure  must  be  opposed 
by  a  sufficiently  resistant  buttress  or  the  strata  must  move  for- 
ward. A  continental  mass  of  i^rystalline  rocks  might  consti- 
tute such  a  buttress  and  flat  strata  pressed  against  it  might 
remain  in  static  equilibrium  so  long  as  pressure  and  resistance 
were  not  strong  enough  to  crush  them.  If  th6  pressure  were 
a  growing  one  and  the  resisting  buttress  were  firmer  than  the 
strata,  then  they  must  eventually  yield  either  by  crushing  or 
bending.  Observation  shows  that  the  latter  is  the  common 
result  and  the  lines  of  flexure  are  determined  by  preexisting 
deflections  from  a  horizontal  attitude.  When  anticlines  begin 
to  develop  as  competent  structures  the  force  is  exerted  against 
the  load  upon  the  rising  arch  and  the  resistance  is  correspond- 
ingly diminished.  Hence  it  follows  that  strata  between  a 
growing  force  and  a  resistant  mass  are  subjected  uniformly  if 
at  all  to  compression  which  is  equal  in  opposite  directions. 
Therefore,  in  the  Appalachians  the  compressing  force  was 
directed  both  northwestward  and  southeastward.  But  from 
the  time  folding  begins  there  will  be  movement  from  the  force 
toward  the  resistance.  This  movement  we  conceive  to  have 
been  in  the  Appalachians  a  superficial  flow  of  a  broad  zone 
from  northwest  to  southeast,  from  the,  sea  toward  the  land.  In 
the  development  of  thrust-faults  the  relative  movement  at  the 
surface  was  determined  by  the  direction  of  fault-dips  which 
depended  in  turn  upon  the  direction  of  overturn  in  the  original 
and  consequent  stepfolds;  these  are  generally  overturned  to 
the  northwest,  and  the  apparent  direction  of  the  pressure  is 
thus  the  opposite  of  the  real  direction.  If  we  consider  the 
juass  above  a  thrust-fault  as  st^ationary,  the  faults  are  all  under- 
thrusts  ;  or  if  we  consider  the  motion  with  reference  to  the 
mass  below  the  fault  plane,  they  are  all  overthrusts. 
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Art.    XL. —  On   the  Douhle    Ualides    of   Antimony    with 

Rubidium  /  by  H.  L.  Wheeler 

The  investigations  of  the  dpuble  lialides  of  antimony  and 
rubidium  have  hitherto  been  confined  to  the  chlorides,  and  the 
following  salts  have  been  described  : 

1 :  1  Rubidium  Antimony  Chloride,     RbCI .  SbCl, 
5:3"  "  "  5RbCl .  SSbCI, 

23  :  10       '*  "  "  23RbCi .  lOSbCI. 

6:1"  "  "  6RbCi .  SbCl. 


8 


The  first  three  of  these  compounds  were  described  by  Remsen 
and  Saunders.*  These  investigators,  after  a  careful  study  of 
the  subject  came  to  the  conclusion  that  the  salt  6RbCl .  SbClj 
described  by  Godeffroyf  does  not  exist. 

It  has  been  shown  by  the  author  of  the  present  article  that 
the  8  :2  type  of  double  salts  is  probably  the  only  one  formed 
by  the  combination  of  the  arsenic  halides  with  those  of  caesium 
and  rubidium.:]:  Moreover,  since  this  type  was  observed  by 
Sch8e£fer§  in  the  case  of  the  double  halides  of  antimony  with 
sodium,  potassium,  and  ammonium,  and,  since  Remsen  and 
Saunders  obtained  the  salt  3CsCl .  2SbCl,  it  seemed  probable 
that  this  type  of  double  halides  would  exist  with  rubidium 
and  antimony.  A  thorough  re-examination  of  the  chlorides 
has  therefore  been  undertaken  and  the  investigation  has  been 
extended  to  the  bromides  and  iodides.  As  a  result  of  this 
investigation  the  ft)llowing  compounds  have  been  obtained  : 

RbCl .  2SbCl3 .  H,0 
RbCI.    SbCl,. 
3RbCi .  2SbCl3  •  3RbBr.  2SbBr3  3RbI  .2Sbl3 

23RbCl.  lOSbCl.  (?)    23RbBr.  lOSbBr,  (?) 

The  first  chloride,  RbCI .  2SbCl3 .  H,0,  is  a  new  type  of 
antimony  rubidium  halides,  which  Remsen  and  Saunders  did 
not  obtain.  The  second,  1 : 1,  confirms  the  results  of  these 
investigators,  while  the  series  of  3 : 2  salts,  which  includes  a 
chloride,  bromide,  and  iodide,  corresponds  to  the  type  expected 
from  analogy.  The  difference  between  the  percentage  compo- 
sition required  for  the  3 :  2  chloride  and  that  required  for  the 
6  :  3  formula  of  Remsen  and  Saunders  is  small,  and  it  is  to  be 
noticed  that  these  authors  do  not  consider  their  formula  as 
definitely  established.  They  say,  "  The  analytical  results  ob- 
tained from  different  samples  varied  considerably  and  it  does 

*  Am.  Chem.  Jour.,  xiv,  155.  f  Berichte,  viii,  9. 

\  This  Journal,  III,  xlvi,  88.  g  Pogg.  AriU.,  cix,  611. 
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not  appear  possible  to  obtain  the  salt  in  pure  condition."  It 
will  be  noticed  that  most  of  the  analyses  of  the  3  :  2  chloride, 
made  in  the  present  investigation,  show  a  composition  inter- 
mediate between  what  is  required  for  the  formnlas  of  the  3 : 2 
and  the  6  :  3  salts,  but  the  bromide  and  the  iodide  were  readily 
obtained  in  pure  condition  and  gave  analytical  resalts  closely 
corresponding  to  the  3  : 2  formula.  Moreover  the  chloride, 
bromide  and  iodide  just  mentioned  are  all  hexagonal  and  may 
be  referred  to  axes  which  correspond  closely  to  those  of  the 
3:2  arsenic  compounds.  The  chloride  and  bromide  with  a 
complex  composition  (23  :  10  ?)  confirm  the  results  of  Remsen 
and  Saunders  on  the  chloride.  The  formula  saggested  by 
them  has  been  retained,  subject  to  uncertainty.  It  will  be 
seen  beyond  that,  as  Eemsen  and  Saunders  have  noticed, 
the  ratio  16:7  corresponds  very  closely  to  the  analyses,  and 
it  may  be  added  that  the  ratios  9  :  4  and  7  : 3  diflEer  so  little 
from  the  other  two  that  it  would  be  very  difficult  to  dis- 
tinguish between  any  of  these  ratios  by  analysis. 

For  the  preparation  of  the  double  halides  the  constituents 
were  mixed  in  the  presence  of  the  corresponding  dilate  acids. 
In  the  case  of  the  chlorides  a  10  per  cent  acid  was  used. 
The  mixtures  were  then  evaporated  until  crystals  separated 
on  cooling.  Further  details  will  be  given  with  the  descrip- 
tions of  the  salts.  In  the  case  of  each  salt  several  crops 
were  prepared  and  analyzed,  and  an  attempt  has  been  made 
to  determine  approximately  the  limits  of  the  conditions  under 
which  these  double  halides  are  formed.  It  may  be  added  that 
the  analytical  results  are  not  selected,  for  jvith  the  exception 
of  two  antimony  determinations,  where  an  error  had  been 
detected,  every  determination  that  was  made  has  been  given. 


Method  of  Analysis, 

The  salts  were  removed  from  the  mother  liquor,  and,  after 
pressing  on  smooth  filter  paper,  were  dried  in  the  air  for  a 
short  time.  Portions  of  a  little  less  than  one-half  a  gram 
were  taken  for  analysis.  In  order  to  determine  the  halogens, 
silver  nitrate  was  added  to  a  solution  of  the  substance  in 
water  containing  a  little  tartaric  and  nitric  acids,  the  mixture 
was  then  warmed  on  the  water  bath  for  a  couple  of  hours  and 
finally,  after  standing  twelve  lionrs,  the  silver  halide  was  col- 
lected, ignited  and  weighed  in  a  Gooch  crucible  in  the  usual 
manner.  The  determination  of  the  antimony  and  rubidium 
was  effected  in  a  separate  sample.  In  order  to  do  this,  the 
salts  were  dissolved  in  a  little  dilute  hydrochloric  acid  and  the 
solutions  were  diluted  with  boiling  water.     Hydrogen  sulphide 
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v^as  then  used  to  precipitate  the  antimony  and,  when  the  solu- 
tions had  cooled,  the  resulting  sulphide  was  filtered  on  asbes- 
tos in  a  Gooch  crucible,  washed  with  water  and  alcohol  and 
then  heated  to  230°  in  an  oven  filled  with  carbonic  acid.  On 
cooling,  the  sulphide  was  weighed  as  Sb^S,.  The  rubidium 
was  determined  by  evaporating  the  filtrate  from  the  antimony 
sulphide  to  dryness  with  an  excess  of  sulphuric  acid,  the 
residue  was  then  converted  into  normal  sulphate  by  ignition 
in  a  stream  of  air  containing  ammonia.  The  atomic  weights 
ased  in  the  calculation  of  results  were  the  following  : 

CI,  35-5 ;  Br,  80  ;  I,  127  ;  Sb,  120 ;  Rb,  85-5 

The  Double  Chlorides, 

The  crystals  of  the  double  chlorides  are  colorless,  with  the 
exception  of  the  salt  3RbCl .  2SbCl3 ;  this  salt  has  a  pale  yellow 
color  exactly  similar  to  the  salts  3RbCl .  2ASCI3  and  3CsCl . 
2ASCI3.  The  stability  of  the  double  chlorides,  on  exposure, 
appears  to  vary  inversely  with  the  quantity  of  antimony  chlo- 
ride which  they  contain. 

1:2  Rubidtum  Antimony  Chloride^  RbCl ,2SbOl^.  Hfi. 
— This  new  salt  was  obtained  from  hydrochloric  acid  solution 
when  the  constituents  were  mixed  in  the  proportion  of  ten, 
eight  or  six  molecules  of  SbCl,  to  one  of  RbCl.  On  concen- 
trating these  mixtures  supersaturated  solutions  were  obtained 
which  sometimes  remained  for  days  without  giving  crystals, 
but  on  shaking  or  stirring  with  a  glass  rod  the  crystallization 
was  induced.  The  crystals  separate  in  the  form  of  elongated, 
colorless,  monoclinic  tables.     Analysis  of  different  crops  gave  : 


From 

From  solution 

solution 

Calculated 

From  solutions  of 

of  SSbCls  to 

of  eSbCls 

for 

lOSbCUto  IRbCl. 

1  RbCl. 

to  1  RbCl. 

RbCl .  2SbCl8 .  H2O. 

Rb 

14-61     14-71      14-T4 

14-64 

15-07 

14-44 

Sb 

40-75     40-97     41-09 

41-07 

40-97 

40-54 

CI 

41-83     41-53     41-11 

41-98 

H,0 

3-20        3-10        3-18 

3-08 

3-04 

The  crystals  of  this  salt  have  a  brilliant  luster  when  first  re- 
moved from  the  mother  liquor,  but  on  exposure  they  soon 
lose  their  luster,  becoming  opaque  and  decomposing.  In  the 
preparation  of  this  salt  for  analysis  the  crystals  were  crushed 
and  thoroughly  pressed  on  filter  paper,  and  when  it  was  certain 
that  the  powder  did  not  contain  any  mechanically  mixed  water, 
it  was  placed  in  a  weighing  tube.      This  salt  is  readily  dis- 


From  solution 
of  3SbCU  to  iRbCl. 

Calculated  for 
KbOl.SbCU. 

23-96 
34-99 
40-73 

24-61 
34-53 
40-86 
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tinguished  from  the  other  colorless  double  halides  of  rubidium 
and  antimony  by  the  fact  that  it  melts  at  77°. 

1:1  Bubldium  Antimony  Chloride^  RhCl.SbCl^  — This 
salt  was  first  described  by  Remsen  and  Saunders  ;*  they  say 
that  "  if  the  excess  of  antimony  chloride  ...  be  very  great, 
a  colorless  salt  crystallizing  in  elongated,  apparently  ortho- 
rhombic,  crystals  is  obtained."  I  have  found  that  by  mixing 
the  constituents  in  hydrochloric  acid  solutions,  in  the  propor- 
tion of  four  or  three  molecules  of  SbCl,  to  one  of  RbCI,  crys- 
tals of  similar  appearance  were  obtained.  The  solutions 
require  a  considerable  degree  of  concentration  and  the  mofeher 
liquor  is  more  or  less  syrupy,  hence  the  rubidium  determina- 
tions came  low  and  the  antimony  high.     Analysis  gave  : 


From  solutioD 
of  4SbCl3  to  IRbCl. 

Rb 23*67 

JSb    35-38 

CI 40-70 


A  solution  of  antimony  and  rubidium  chloride  in  the  pro- 
portion of  2J  molecules  of  the  former  to  one  of  the  latter 
gave  a  mixture  of  this  salt  and  the  yellow  one  described  below. 
As  has  been  observed  by  Remsen  and  Saunders,  crystals  of  this 
salt  rapidly  lose  their  luster  on  exposure.  They  give  no  defi- 
nite melting  point  below  the  temperature  of  boiling  sulphuric 
acid. 

3 : 2  Euhidium  Antimony  Chloride^  SlibCl.2SbCl^ — This 
is  the  salt  to  which  Rempen  and  Saunders  assign  the  formula 
5RbCl .  3SbClg.  They  obtained  this  compound  on  adding  '*a 
considerable  excess  "  of  antimony  chloride  to  a  solution  of  the 
salt  23RbCl.  lOSbClg.  They  describe  the  crystals  as  some- 
times resembling  a  rhombohedron  in  general  shape  and  having 
a  pale  yellow  color,  and  they  remark  that  '^this  is  noteworthy, 
because  the  more  complex  salt  (23RbCl .  lOSbCl,)  and  the 
simpler  one  (RbCI .  SbClg)  are  both  colorless.  It  is  to  be 
remembered,  however,  that  the  salt  Cs^SbjCl,  (SCsCl .  2SbCl,) 
is  also  yellow."  It  may  be  added  that  both  3CsC1.2AsCl3  and 
3RbCl .  2 AsCl,  are  pale  yellow.  Remsen  and  Saunders  also 
remark  "As  the  formula  of  this  rubidium  salt  is  not  very 
simple,  and  as  the  substance  could  not  be  recrystallized,  on 
account  of  the  strong  tendency  towards  the  formation  of  the 
very  complex  salt,  the  formula  suggested  below  can  hardly  be 
considered  as  definitely  established." 

*  Loc.  cit. 
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I  Lave  found  that  when  solutions  of  antimony  chloride  and 
rubidium  chloride  are  mixed  in  the  proportion  of  one  and  one- 
lifth  molecules  of  the  former  to  one  molecule  of  the  latter  a 
pale  yellow-salt  is  obtained  crystallizing  in  rhombohedrons.  In 
one  case  on  obtaining  a  crop  of  crystals  from  a  solution  of 
2SbCl,  to  IRbCl,  in  strong  HCl,  the  yellow  rhombohedrons 
were  seen  to  be  mixed  with  the  colorless  hexagonal  plates,  pre- 
sumably of  the  salt  23RbCl .  lOSbCl,  ?  It  was  also  found  that 
a  wide  difference  exists  in  the  solubility  of  these  two  salts  in 
warm  solutions,  the  yellow  crystals  dissolved  with  difficulty, 
while  on  the  other  hand,  the  salt  23  :  10  went  into  solution 
with  only  a  slight  elevation  of  temperature.  If  the  crystals 
of  the  yellow  salt  are  warmed  in  the  mother  liquor  they  be- 
come opaque  throughout  without  losing  their  pale  yellow  color. 
It  seems  probable  that  impurities  are  dissolved  out  by  this 
operation  and  that  no  decomposition  takes  place,  for  the  decom- 
position products  and  the  otner  double  chlorides  are  colorless. 
An  analysis  of  a  crop  obtained  in  this  manner  corresponded 
very  closely  to  the  formula  SRbCl .  2SbCl,.     Analysis  gave  : 


From 

solutions  of 

2SbClt  to 

IRbCl. 

From 
solutions  of 
liSbCU  to 
iRbCl. 

From 

solutions  of 

2SbOl8  to 

IRbCl 

heated. 

Calculated 

for 

3RbCl . 

2SbCl,. 

Calculated 

for 

5RbCl . 

3SbCl,. 

Bb 

32-o7    32-19 

33-34    31-86 

31-30 

31-44 

33-28 

Sb 

28-68    28-67 

28-55    28-46 

29-44 

29-41 

28-03 

CI 

38-38    38-42 

38-32 

38-98 

39-15 

38-69 

23:10f  Rubidium  Antimony  Chloride,  2iRhGl.l08lGl.. 
— For  the  preparation  of  this  compound,  a  sample  of  rubidium 
chloride  was  used  which  had  been  specially  purified  for  the 
purpose  by  the  method  recently  described  by  Jrrofessor  H.  L. 
Wells*  of  this  laboratory.  The  purification  of  this  sample 
was  repeated  after  the  product  failed  to  give  spectroscopic 
reactions  for  potassium  and  caesium. 

If  solutions  of  antimony  and  rubidium  chlorides  are  mixed 
in  the  proportion  of  one  molecule  of  SbCl,  to  one,  four  or 
six  molecules  of  RbCl,  the  crystals  obtained  are  the  "  color- 
less six-sided  plates,  tables,  or  thicker  crystals,"  to  which 
Remsen  and  Saunders  have  assigned  the  formula  23IlbCl. 
lOSbCl,.  The  average  results  of  the  analyses  of  the  different 
crops  of  the  double  chloride  gave  figures  closely  agreeing  with 
those  of  the  above  authors,  but  the  ratio  of  rubidium  to  anti- 
mony came  somewhat  lower  than  theirs.     Analysis  gave  : 

*  This  Journal,  III,  xlvi,  188. 
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Prom 

From 

From 

Sample 

solution 

solution 

solution 

recrystal- 

6RbCl  to 

4RbClto 

1  RbCl  to 

lized  from 

ISbOl,. 

lSba«. 

ISbCla. 

lOjj^HCl.    Average.        Ratio. 

Rb 

38-98    38-56 

38-83 

38-62 

38-60       38-716          2-28 

Sb 

23-76      . 

23-98 

23-52 

23-81        23-767          I'OO 

CI 

37-16    36-97 

36-95       37-026          5-26 

Calculated  for 

Calc.  for 

Calc.  for             Calc.  for 

23RbCl .  lOSbCls.     16RbCl .  7SbCU. 

9RbCl .  4SbCl,.    tRbCl.SSbCl,. 

Rb 38-96 

38-85 

38-57                39-21 

Sb 23-77 

23-86 

24*06                23-58 

CI 37-27 

37-29 

37-37                37-21 

It  is  to  be  noticed  that  this  salt  is  formed  ander  conditions 
varying  more  widely  than  in  the  case  of  any  of  the  other 
double  rubidium  antimony  chlorides.  It  can  be  exposed  to 
the  air  for  several  days  without  losing  its  luster ;  on  long  expo- 
sure it  becomes  covered  with  a  white,  opaque  layer,  probably 
of  antimony  oxychloride. 

The  Double  Bromides, 

The  bromides  were  obtained  in  the  form  of  brilliant  yellow, 
six-sided  plates,  resembling  the  double  arsenic  bromides  of 
rubidium  and  caesium.  They  are  comparatively  stable  in  the 
air,  but  on  long  exposure  the  crystals  lose  their  luster. 

3:2  Rubidium  Antimony  Bromide^  SjRbjBr.  28bBr^. — This 
salt  was  obtained  from  dilute  hydrobromic  acid  solutions  when 
the  constituents  were  mixed  in  the  proportion  of  two  and 
three-tenths  and  also  four  molecules  of  RbBr  to  one  of  SbBr,, 
it  was  also  the  only  one  formed  when  antimony  bromide  was 

{)resent  in  the  solutions  in  excess.     It  will  be  seen  that  a  much 
arger  range  of  conditions  exists  for  the  preparation  of  the 
salt  3RbBr.2SbBr3  than  in   the  case  of    the  corresponding 
double  chloride.     Moreover,  the  bromide  can  be  recrystallized 
unaltered  from  dilute  hydrobromic  acid. 
Analysis  gave : 


From  solutions                 From 
containing  a                 solution 
large  excess  of               23RbBr . 
SbBr,.                  to  lOSbBr,. 

From 
solution 
4RbBr 
to  1 
SbBrs. 

Sample 
of  latter 
recrystal- 
lized from 
HBr. 

Calculated 

for 

BRbBr. 

2SbBr,. 

Rb 

21-55    21-18*20-96        21-16 

21-53 

20-92 

21-08 

Sb 

2007    20-13        19-98 

19-59 

19-91 

19-73 

Br 

59-30 

69-07 

59-19 

23 :  10  (?)  Rubidium  Antimony  Bromide^  2ZRbBr.  lOShBr^. 
— This  salt  was  obtained  when  dilute  hydrobromic  acid  solu- 
tions of  rubidium  and  antimony  bromides  were  mixed  in  the 
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proportion  of  six,  eight  and  thirteen  molecules  of  the  former 
to  one  of  the  latter.  The  crystals  obtained  on  slowly  cooling 
these  mixtures,  with  the  exception  of  their  strong  yellow 
color,  closely  resemble  the  corresponding  complex  chloride. 
If  the  solutions  are  rapidly  coolea  the  salt  separates  in  the 
form  of  brilliant  spangles.  The  average  of  the  following 
results  gives  a  remarkably  close  ratio  to  that  required  for  the 
formula  23RbBr .  lOSbBr,. 
Analysis  gave : 

Sample 
From  From  of  latter 

solution        solution  recrystallized 

6RbBr  to      SBbBr  to  From  solution  from 

lSbBr«.        ISbBr..  1  SBbBr  to  ISbBrs.  oonc.  HBr. 

Rb    26*66         26-16         26*92       26*60       26*71  26*39 

Sb     16-11  16*23  16*18       16*26       16*22  16*18 

Br  67*27       67*23  67*41 

Calculated  for  Calculated  for        Calculated  for       Calculated  for 

23RbBr .  lOSbBr,.       16RbBr .  7SbBrt.     9BbBr .  4SbBr8.     7RbBr .  3SbBr«. 

Rb  ...  26*66  26*47  26*27  26*74 

Sb 16*20  16*26  16*38  16*08 

Br 67*26  67*28  67*35  67*18 

Average  of 
analytical 
results.  Ratios  derived 

Rb -  26*67  -3107    or    23*03  or   16*12  or     9*21  or  6*90 

Sb 16-19  *1349     "     10*00    *'      700    "      4*00  "     3-00 

Br 67*30  *7162     «     6309    "    37*16    "    21*23  "  16*92 

It  is  to  be  noticed  that  this  salt  is  formed  within  a  much 
smaller  range  of  conditions  than  in  the  case  of  the  chloride 
and  can  only  be  recrystallized  from  strong  hydrobromic  acid 
solutions.  When  recrystallized  from  moderately  strong  acid 
a  mixture  of  the  salts  23  :  10  and  3  :  2  was  obtained,  but  from 
dilute  acid  a  pure  crop  of  the  8  : 2  compound  separated. 

Becrystallized  Recrystallized 

from  strong  from  dilute  Calculated  for 

HBr.  HBr.  3RbBr.2SbBr,. 

Rb 26*64  21*89  21*08 

Sb 16-93  19-70  19*73 

Br 67*77  59*19 


The  Double  Iodide. 

3:2  Rubidium  Antimony  Iodide,  SBbl,  2SbI^. — The  for- 
mation of  this  salt  was  observed  when  a  solution  of  rubidium 
iodide  in  hydriodic  acid  was  saturated  hot  with  antimony 
iodide,  it  was  also  obtained  from  a  solution  of  antimony  iodide 
in  a  large  excess  of  rubidium  iodide.     The  best  crystals  are 
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obtained  when  a  considerable  quantity  of  antimony  iodide  is 
present ;  under  these  conditions  large  aeep  red  lozenge  shaped 
crystals  separate.     Analysis  gave : 

Large  excess  Large  excess  Calculated  for 

of  RbT.  of  Sbla.  3RbI .  2Sbl3. 

Rb 16-28  U-82  15-64 

Sb 1414  Ib'll  14-64 

I 69-76  69-65  69-72 

On  exposure  to  the  air  the  crystals  slowly  lose  their  luster. 


Crystallography. 

The  crystallization  of  the  3 : 2  double  salts  is  hexagonal.  In 
general  the  habit  is  rhombohedral  and  they  can  all  be  referred 
to  axes  of  nearly  equal  length.  The  double  bromide  and 
iodide  have  a  perfect  basal  cleavage,  like  the  salts  of  the 
arsenic  series,  while  the  chloride  gave  only  a  conchoidal  frac- 
ture. The  axial  ratios  of  the  salts  is  shown  by  the  following 
table,  the  ratios  of  the  corresponding  arsenic  salts  being  given 
for  comparison. 

a: c  a: c  a; c 

3RbCl .  2SbCl8  1 :  1*125  3RbCl  .  2A8C1,  1 :  1-210  SCsCl  .  2AbC18  1 :  1-209 
3RbBr.2SbBr8  1 :  1*207  3RbBr.2AsBr3  1:  1*220  3CsBr.  2A8Br,  1:  1-219 
3RbI    .  2SbI,    1 :  1*230  3RbI    .  2Asl3     1 :  1-242  3CsI    .  2A8l,     1 :  1*244 

From  this  table  it  may  be  seen  that  the  substitution  of 
arsenic  by  antimony  produces  little  if  any  effect  in  the  lengths 
of  the  axes,  and,  in  each  series  the  vertical  axes  lengthen  as 
the  atomic  weight  of  the  halogen  increases. 

SmCl.2SbCl..—ThiB  salt  un- 
like the  others  of  the  series,  shows 
rhombohedral  tetartohedrism.  In 
one  crop,  where  the  crystals 
measured  6  to  7"°^  in  diameter, 
the  faces  were  developed  on  every 
crystal  as  in  fig.  1,  the  forms  be- 
ing 

Fig.  1. 

a,  1120,  t-2    e,  0112,  — i   y,  2532,  — i«r 
m,  1010,  I     V,   1322,  —  i,  «r 

On  a  second  crop  only  e  and  a  were  developed. 


e/.e,  0112^1102 
e/.r,  0112/.  1322 
e^y,  l322  y^  25H2 
l/Att,  2532/^1210 


Measured. 
56°  18' 
29    53 
11    29 
20    29 


Calculated. 

29**  56' 
11    26 
20   29 
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This  salt  differs  from  all  the  others  of  the  series,  since,  it  is 
the  only  one  on  which  tetartohedrism  has  been  observed. 
Whether  the  others  are  really  tetartohedral,  but  have  not 
shown  it  owing  to  the  absence  of  highly  modified  forms,  can- 
not be  told  at  present.  Also  the  basal  cleavage,  which  is  so 
prominent  on  all  of  the  others,  could  not  be  detected,  while 
the  one  half  rhombohedron  e  was  only  observed  on  this  salt. 
A  basal  section  was  prepared,  which  in  convergent  polarized 
light  showed  a  normal,  uniaxial  interference  figure,  the  double 
refraction  being  negative,  like  the  correspondmg  arsenic  com- 
pound. 

SRbBr  .  2ShBr^.  —  Crystals    of 
this  salt  were  prepared  up  to  7™"* 
in  diameter.     The  habit  is  gene- 
rally that  of  six-sided  plates,  fig.  2, 
having  the   forms   c,  0001,  O  ;  r, 
lOll,  1  and  0,  Olll,  -1.     In  one 
crop  6',  r  and  m  were  devel- 
oped with  some  of  the  rhom- 
bohedral  faces    predominating 
to  such  an  extent  that  the  crys- 
tals looked  like  prisms,  repre- 
sented in  basal   projection  by 
fig.  3. 


Fig.  2. 


a 


-d, 


Fig.  S. 


Meaeared. 

Calculated. 

rAC,  1011  A  0001 

*62°  21' 

r^ar,  1011^0111 

48'     0 

47"  67' 

None  of  the  crystals  show  normal  optical  properties.  Crys- 
tals like  fig.  3  showed  for  the  most  part  an  extinction  parallel 
to  the  direction  c-d^  sometimes  with  twinned  lamellae  promi- 
nent at  one  end.  In  convergent  polarized  light  no  interference 
figure  was  observed  normal  to  c  but  some  of  the  crystals  like 
fig.  3  could  be  tilted  up  on  a  rhombohedron  face  and  showed 
an  acute  bisectrix  nearly  normal  to  r.  The  axial  angle  was 
small  and  the  dispersion  strong,  the  optical  axes  being  in  the 
plane  a-S  for  green  and  normal  to  that  for  red  light,  the  inter- 
ference figure  looking  like  that  of  brookite. 

3EhI.2ShI^, — This  salt  unlike  the  corresponding  arsenic 
compound  was  obtained  in  crystals  of  considerable  size  some 
over  10™°*  in  diameter.  When  prepared  with  an  excess  of 
Sbl,  usually  lozenge-shaped  crystals  were  obtained  shown  in 
basal  projection  in  fig.  L     These  were  often  grouped  in  twin 

Eosition,  penetration  twins  being  prominent  with  a  rhombo- 
edron  as  twinning  plane.  From  solutions  containing  an 
excess  of  Ebl,  the  rhombohedral  habit  was  observed,  some- 
times with  a  negative  scalenohedron  s  18'S*17,  —  -pr  —  ^>  bevel- 
ling its  pole  edges,  tig.  5. 
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r  ac, 
r  A^r, 
r  Ar, 

8   A  8, 


Meftsored. 

Calculated 

1010    aIOII 

♦35"    6' 

1011    A  0001 

54   43 

48'*  18' 

1011    ^0111 

47    15 

48    18 

1011    aHOI 

89    50 

90    14 

18017  A  19817 

6   40 

6    21 

The  basal  cleavage  was  prominent  and  flections  parallel  to 
this  showed  abnormal  optical  properties.  Thin  pktes  from 
the  crystals  like  fig.  4  showed  middle  and  end  sections  with 


Fig.  4. 


Fig.  5. 


extinctions  in  the  directions  indicated  by  the  arrows.  In  con- 
vergent light  no  interference  figure  was  observed.  This  salt 
then  like  3RbBr .  2SbBr3  and  3KbI.  2AsI,  is  only  pseudo-hex- 
agonal being  abnormal  in  its  optical  properties. 

mCl.SbClr—The  crystalli- 
zation  of  this  salt  is  monoclinic. 
Crystals  were  obtained  10°^ 
long.      The    forms    observed 


Fig.  6. 


a, 
c. 


100,  i-i 
001,    O 


were 


110,     I 
101,  —l-i 


e,  101,  l-t 

P,  111,  I 


The  habit  is  shown  in  fig.  6.      The  axial  ratio  is  d:h:c  = 
1-732  : 1-000  : 1-085  ;  /9  =  001  a.  100  =  65^  34'. 


a  /v  c, 
a  A  ?n, 

C  A  f , 

/>i  A  )n, 
a' A  p, 

P  -  c, 

C   A   rf, 

rf  A  a, 


100  .V  001 

100  A  110 
001  ^101 
UOaIIO 

Too  A 101 
nixv  101 

111  A  001 

001  A  101 

101  ^100 


Meaeared. 

*65''  34' 

*57  37 

*37  36 

64  46 

76  54 

46  2S 

56  50 

24  21 

41  24 


Calculated. 


64"  46' 
76  50 
46  23 
56  52 
24  22 
41    12 


Antimony  with  Rubidium. 


279 


In  polarized  light  these  crystals  show  an 
extinction  parallel  to  the  ortho-axis.  With 
crystals  flattened  parallel  to  the  basal  plane 
an  obtuse  bisectrix  may  be  seen  nearly  nor- 
mal to  the  base.  The  plane  of  the  optical 
axis  being  at  right  angles  to  the  symmetry 
plane. 

RbUL2ShCl, .  //,a— The  crystallization 
of  this  salt  is  monoclinic.  Crystals  were 
made  np  to  a  length  of  about  9  or  10™°*. 
The  forms  observed  were : 


ff  "  T\ 

a 

m 

'-^ 

J 

Fig.  7. 


Oj    100,  i'i 
c,    001,  O 
m,  110,    1 


d,  021,  2-* 

e,  Oil,  l-i 


iJ,  221,  -^2 
ac,  101,  1-i 


The  habit  is  shown  in  fig.  7.    The  axial  ratio  is  d:b:6  1  -699  : 
1 : 0-820  /9  =  001 A 100  89°  28^'. 


m  yv  m,  1 1 0 
a  aO?,  100 
m^sa,  110 
a  ac,  100 
X  A  c,  lO  I 
c  aC,  001 
c  Ad,  001 
a  ap,  100 
p  A(2,  221 


Alio 
A  101 
A  100 
A  001 
A  001 
A  Oil 
A  021 
A  221 
A  021 


Measured. 
♦SO"  bV 


64. 
59 
*89 
*26 
39 
58 
63 
27 


49 
32 
2  Si 

5H 
10 

20 

5 

5 


Calculated. 

64°  40' 
59    32 


39  21 

58  37 

63  6 

26  37 


The  crystals  flattened  parallel  to  the  ortho  pinacoid,  show  in 
polarized  light  an  extinction  parallel  to  the  ortho-axis  and  in 
convergent  light  a  bisectrix  and  one  of  the  ring  systems  appear 
near  the  limits  of  the  field.  The  plane  of  the  optical  axis  is 
the  clino  pinacoid. 

The  23 :  10  bromide  is  psendo-hexagonal.  Basal  plates 
always  showed  an  intricate  twinning  when  examined  in  polar- 
ized light.  The  pyramidal  faces  were  horizontally  striated 
and  to  such  an  extent  that  no  satisfactory  measurements  could 
be  made.  In  every  respect  this  compound  resembles  the 
23  :  10  chloride  described  by  Remsen  and  Saunders. 

In  conclusion  the  author  wishes  to  express  his  indebtedness 
to  Prof.  H.  L.  Wells  for  valuable  advice  in  connection  with 
the  present  investigation  and  to  Prof.  S.  L.  Penfield  under 
whose  generous  supervision  the  crystallography  of  these  salts 
was  investigated. 

Sheffield  Scientific  School,  June,  1893. 
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Art.    XLI. — On  the  Separation  of  Copper  from  Cadmium 
by  the  Iodide  Method;  by  Philip  E   Bbowning. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XXVIII.] 

The  separation  of  copper  from  cadmium  by  the  precipita- 
tion of  the  cuprous  iodide  by  appropriate  means  has  long  been 
known.  Pisani*  mentions  the  fact  that  potassium  iodide  can 
be  used  to  effect  precipitations  and  claims  that  a  satisfactory 
separation  can  be  made  in  this  way.  Flajolotf  states  that 
potassium  iodide  cannot  be  used  as  a  precipitant  on  account  of 
tlie  solubility  of  cuprous  iodide  in  that  reagent,  nor  can  hydri- 
odic  acid  be  employed  if  nitric  acid  is  present.  He  recom- 
mends that  the  solution  containing  copper  be  brought  to  acidity 
with  sulphuric  acid,  that  a  considerable  excess  of  sulphurous 
acid  be  added  and  that  the  precipitation  be  effected  by  hydri- 
odic  acid.  Under  this  treatment  he  finds  that  only  an  un- 
weighable  or  at  least  a  very  small  trace  of  copper  remains  dis- 
solved. Kohner:]:  in  a  paper  of  more  recent  date,  in  which  he 
reviews  the  various  methods  for  the  separation  of  copper  from 
cadmium,  states  that  the  iodide  method  is  impracticable  on 
account  of  the  solubility  of  cuprous  iodide  both  in  excess  of 
hydriodic  acid  and  in  potassium  iodide. 

The  work  to  be  described  was  undertaken  to  determine  if 
possible  under  what  conditions  the  method  maybe  safely  used. 
Solutions  of  copper  and  cadmium  sulphates  were  made  and 
standardized  by  treating  definite  portions,  measured  from 
burettes  and  weighed,  by  appropriate  means,  the  average  of 
closely  agreeing  results  being  taken  as  the  standard.  A  solution 
of  potassium  iodide  of  approximately  ten  per  cent  strength, 
was  used  throughout  the  work.  The  amount  of  the  copper 
solution  generally  taken  (25  cm')  contained  about  0*12  grm.  of 
copper  and  the  potassium  iodide  necessary  to  completely  pre- 
cipitate the  iodide  was  about  0*6  grm.  or  6  cm'  of  the  solution. 
I  have  in  no  case  used  less  than  iO  cm'  or  1  grm.  of  the 
iodide.  In  experiments  (1)  and  (2)  the  free  iodine  separating 
on  the  addition  of  the  potassium  iodide  was  bleached  with 
sulphurous  acid  and  the  cuprous  iodide  filtered  off  immediately. 
In  experiment  (8)  no  sulphurous  acid  was  added  but  the  solu- 
tion was  boiled  until  a  considerable  amount  of  the  free  iodine 
was  expelled.  In  experiment  (4)  the  boiling  to  expel  the  free 
iodine  completely  was  necessarily  carried  on  until  the  solution 
was  evaporated  nearly  to  dryness.     Experiments  (5)  to  (14)  were 

*  Compt.  rend.,  xlvii,  294. 

f  Journ.  1  prakt.  Chem  ,  Ixi,  105. 

X  Zeitschr.  Anal.  Chem.,  xxvii,  p.  203.     Jour.  Anal.  Chem.,  vol.  ill,  p.  339. 
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made  to  show  the  eflEect  of  varying  amounts  of  potassiam 
iodide,  and  were  all  conducted  in  the  same  manner,  the  stan- 
dard copper  solution  being  measured  from  a  burette  into  a 
counterpoised  beaker  and  weighed,  the  potassium  iodide  in 
solution  added,  the  whole  evaporated  to  dryness  to  insure  the 
expulsion  of  the  iodine,  and  water  added  to  the  amount  indi- 
cated in  the  table.  The  filtration  was  made  under  gentle 
pressure,  by  means  of  a  Bunsen  filtering  flask,  on  an  asbestos 
lelt  contained  in  a  perforated  platinum  crucible,  the  whole 
having  been  previously  ignited  and  weighed.  It  is  advisable 
to  use  a  moderately  thick  felt  and  not  to  allow  the  felt  to  run 
dry  nor  to  remove  the  pressure  during  the  filtration,  on  account 
of  the  tendency  of  the  cuprous  iodide  to  pull  through  under 
these  conditions.  The  precipitate  was  washed  thoroughly  with 
either  hot  or  cold  water,  the  washings  never  amounting  to  less 
than  100  cm*.  The  crucible  containing  the  cuprous  iodide  was 
placed  in  an  air  bath  and  the  precipitate  dried  at  a  tempera- 
tore  between  120°  C.  and  150°  C,  and  weighed.  The  first 
weight  was  uniformly  constant.  It  would  seem  from  experi- 
ments (4)  to  (12)  that  a  moderate  excess  of  potassium  iodide 
has  no  great  solvent  effect  upon  the  precipitated  cuprous 
iodide,  while  free  iodine  and  large  amounts  oi  hydriodic  acid 
have  a  decided  solvent  effect  as  shown  in  experiments  (1),  (2), 
(3).  In  two  cases  where  1  grm.  and  2  grm.  respectively  of 
potassium  iodide  were  used  to  precipitate  about  012  grm.  of 
copper  the  filtrate  from  the  first  gave  no  reaction  with  either 
ammonia  or  acetic  acid  and  potassium  ferrocyanide,  and  the 
second  gave  no  reaction  with  ammonia  and  with  potassium 
ferrocyanide  only  a  trace. 

These  filtrates  before  testing  for  copper  were  treated  with 
potassium  nitrite  and  sulphuric  acid  to  remove  the  iodide  and 


Seri£S  ] 

■  * 

Copper  found 

Error  in 

Final  volume 

Copper  takeD. 

(weighed  as  Cuala)- 

Copper. 

EI  used. 

of  liquid. 

grm. 

grm. 

grm. 

grm. 

cm^. 

(1) 

0-1189 

0-1093 

0-0096— 

1 

300 

(2) 

0-1197 

0  1050 

00147- 

n, 

(I 

(3) 

01191 

0-1056 

0-0135  — 

(i 

i. 

(^) 

0-1194 

0-1189 

0-0005- 

u 

i( 

(ft) 

0-1194 

0-1196 

0-0002  + 

u 

100 

(6) 

01191 

0-1194 

00003  + 

ii 

u 

0) 

0-1193 

0-1193 

0-0000 

2 

(( 

(8) 

0-0049 

0-0045 

0-0004- 

(t 

i  > 

(9) 

0-0051 

0-0047 

0-0004- 

(i 

(( 

(10) 

0-1195 

0-1195 

0-0000 

3 

(( 

(11) 

01192 

0-1188 

0-0004- 

4 

t( 

(12) 

0-1191 

0-1189 

00002- 

tt 

200 

(13) 

01193 

0-1182 

0-0011 

5 

i< 

(14) 

0-1193 

0-1179 

0  0014- 

t( 

(. 

*  The  copper  is  calculated  as  the  metal  in  this  table. 
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oxidize  the  copper.  I  have  no  doubt  that  when  the  potassium 
iodide  is  in  excess  some  copper  goes  into  solotion,  bnt  the 
amount  is  very  small  anless  the  excess  of  iodide  is  very  great. 
I  may  add  here  that  when  the  potassinm  iodide  is  in  very  laree 
excess  the  mixture  of  potassium  iodide  and  cuprous  iodide 
melts  as  the  solution  becomes  concentrated  by  evaporatioti  and 
a  solution  is  obtained  having  a  deep  iodine  color.  This  color 
does  not  disappear  on  f  nither  evaporation  and  the  result  ob- 
tained upon  filtering  the  cuprous  iodide  after  dilution  with 
water  invariably  shows  considerable  loss.  In  the  event  of 
noticing  the  phenomenon  mentioned  it  is  best  to  throw  aside 
the  determination  before  completion  and  start  another  using 
less  of  the  iodide. 

The  separation  of  the  copper  from  the  cadmium  was  taken 
up  next.  Definite  portions  of  the  cadmium  solution  were 
measured  into  the  same  beakers  with  the  copper  solution  and 
weighed,  and  enough  potassium  iodide  was  added  to  precipi- 
tate the  whole  as  cuprous  iodide  if  no  cadmium  were  present. 
The  solution  was  evaporated  to  dryness  to  remove  iodine  and 
diluted  to  the  amount  stated  in  the  table.  The  precipitated 
cuprous  iodide  was  filtered  upon  an  asbestos  felt,  thoroughly 
washed,  dried  and  weighed  as  before  described.  The  filtrate 
and  washings  contained,  of  course,  the  cadmium  together  with 
the  excess  of  potassium  iodide  and  potassium  sulphate  formed 
in  the  reaction,  and  the  determination  of  the  cadmium  was 
not  as  simple  a  matter  as  might  at  first  be  supposed.  In  the 
presence  of  potassium  iodide,  hydrogen  sulphide  did  not  give 
a  precipitate  in  acid  or  neutral  solution  which  could  be  filtered. 
After  removing  the  potassium  iodide,  however,  by  treating 
with  sulphuric  acid  and  potassium  nitrite,  it  was  found  to  he 
possible  to  precipitate  all  the  cadmium  as  sulphide,  but  iu  such 
form  that  filtration  was  extremely  slow,  which  was  peculiarly 
disadvantageous  in  this  case  inasmuch  as  the  presence  of  the 
large  amount  of  alkaline  salts  present  made  prolonged  wash- 
ing of  the  sulphide  necessary.  Ammonium  sulphide  gave 
better  results,  the  precipitate  falling  in  good  form  even  in  the 
presence  of  potassium  iodide,  but  here  also  the  slow  filtration 
was  a  disadvantage.  I  have  had  recourse  therefore  to  the 
method  of  precipitating  by  sodium  carbonate  and  weighing  as 
oxide.  This  method  has  generally  been  regarded  as  inaccu- 
rate, but  my  experience  has  shown  that  it  is  one  of  the  best  of 
the  processes  employed  for  the  estimation  of  cadmium  when 
the  filtrations  and  ignitions  are  made  upon  asbestos.  Two 
determinations  of  the  cadmium  alone  gave  results  agreeing 
closely  with  the  standard  determinations  made  by  evaporating 
definite  portions  of  the  solution  of  the  sulphate  to  dryness 
and  igniting  at  low  redness  and  weighing  as  the  anhydrous 
sulphate. 
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The  filtrate  containing  the  cadminm  was  heated  to  boiling 
and  sufficient  sodium  carbonate  added  to  complete  the  precipi- 
tation. On  further  boiling  the  precipitate  became  granular 
and  filtered  easily.  The  precipitate  was  washed  with  hot 
water  several  times  by  decantation,  the  washings  being  passed 
through  the  felt  to  prevent  loss  of  any  of  the  precipitate. 
Washing  was  continued  until  the  filtrate  gave  no  reactions  for 
either  sulphate  or  iodide.  The  crucible  containing  the  carbon- 
ate was  heated  gently  at  first,  then  gradually  to  a  higher  degree 
until  the  lower  half  of  the  crucible  was  red  and  the  white  car- 
bonate had  changed  to  the  brown  oxide.  This  heating  was 
repeated  until  a  constant  weight  was  obtained.  In  some  of 
the  separations  the  faintest  suspicion  of  a  blue  color  in  the 
carbonate  suggested  the  presence  of  the  fraction  of  a  milli- 
gram of  copper  which  probably  escaped  the  separation  process. 

Sehies  II. 

Copper  Cadmium 

found        Error                        found        Error^  Found 

Copper   (weighed  as     on      Cadmium   (weighed       on  KI      volume 

taken.        Cuala).     Copper,      taken,     as  CdO.)    cadmium,  used,    of  liquid. 

grm.         grm.  grm.  grm.  grm.  grm.        grm.       cm^ 

(1)  0-2383  0*2386  00003+  0*0484  0*0490  0  0006+  2  100 

(2)  0*1192  01185  0  0007-  0*2439  0*2430  00001+  "  " 

(3)  0*1193  0*1194  0*0001+  0*1,942  0*1942  00000  "  '* 

(4)  01188  0*1190  00002+  02422  0*2421  0*0001—  "  200 
(6)  0*1201  0*1201  0*0000  0*2426  0*2428  00002+  "  100 

(6)  0*1193  01193  0*0000  0*2436  0*2433  00003—  "  »* 

(7)  0*0239  00238  0*0001—  0*1934  0*1932  00002-  1  *' 

(8)  0*0236  0*0239  0*0003+  01942  01936  0*0006—  '*  " 

(9)  0*0239  0*0242  0*0003+  0*1444  01442  0*0002-  **  " 
(10)  00238  0*0238  0*0000  01467  01461  0  0006-  "  " 

The  method  is  simple  in  manipulation  and  the  results   are 
fairly  accurate. 


Art.   XLII. — A    New    Meteorite  from    Hamblen    County^ 

Tennessee  ;  by  L.  G.  Eakins. 

This  meteorite,  which  was  found  in  September,  1887,  on 
a  ridge  about  six  miles  W.S.W.  from  Morristown,  Hamblen 
County,  Tennessee,  was  first  recognized  and  brought  to  notice 
by  Professor  J.  M.  Safford,  of  ^Nashville,  who,  in  course  of  an 
inspection  of  a  collection  of  iron  ores,  recognized  some  frag- 
ments as  undoubtedly  meteoric. 

Professor  Saflford  at  once  took  steps  to  secure  these  pieces, 
and  visited  the  locality  where  they  were  found.  Here  he  suc- 
ceeded in  finding  a  few  more  fragments,  which  had  the  appear- 
ance of  having  been  buried  in  the  soil  and  afterward  turned 
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up  by  the  plow.  These  various  pieces  now  in  Professor 
Safiord's  possession  have  a  total  weight  of  about  36  poundfi, 
two  of  them  weigliing  respectively  11  pounds  and  13  pounds. 
A  specimen  sent  by  Professor  Safford  to  the  U.  8.  National 
Museum,  and  now  in  its  collection,  furnished  the  material  for 
this  investigation. 

Most  of  the  pieces  show  much  surface  oxidation ;  a  fresh 
fracture  showing  a  gray  color,  with  numerous  metallic  particles 
of  nickel  iron. 

The  analysis  was  made  in  the  usual  way  for  this  class  of 
meteorites ;  that  is,  by  separating  the  metallic  and  siliceous 
portions,  both  by  picking  and  by  the  magnet,  and  analyzing, 
separately  the  nickeliferous  iron,  the  silicates  soluble  in  hydro- 
chloric acid  and  those  insoluble.  The  metallic  and  siliceous 
portions  of  this  meteorite  are,  approximately,  equal  in  amount ; 
the  iron  being  quite  malleable  and  unusually  tough. 

The  analysis  is  as  follows : 

•  Nickeliferous  Iron. 

Fe 90-92 

Ni I'll 

Co -80 

Cu tr. 

P -19 

S -04 


99-66 

Siliceous  Portion. 

Soluble 

in  HCl. 

Insoluble  in  HGl. 

Calc.  to 

Molecular 

Calc.  to 

Molecular 

Analysis. 

100^ 

ratios. 

Analysis. 

lOOjf 

ratios. 

SiO 

16-79 

45  •a  1 

•760 

31-47 

60^67 

•844 

A1,0. 

8-33 

22^62 

•222 

9-26 

14-89 

•146 

Or,0. 

^     ^     ^     w- 

.  -  •  • 

^  ^  ^  ^ 

•82 

1^32 

•009 

FeO 

4-88 

11-73 

-163 

6^56 

10-56 

•147 

NiO 

•39 

I -06 

•014 

•    •    V    • 

•  B  •  • 

«  *  ~  9 

MnO 



•  M  w  « 

W      »      M     W 

•47 

•70 

•010 

CaO 

5*19 

14-09 

•252 

2^24 

3-61 

•064 

MgO 

1-34 

3-64 

•091 

11^16 

17-98 

•449 

K,0 

w      —      w      — 

^    m    mm    » 

»  «  •  • 

•02 

•03 

•003 

Na,0 

«        W        •■        M 

m      m       ^     » 

MM** 

•12 

•19 

•003 

P,0. 

•46 

1-25 

•009 

—  •  _  • 

*  M  ■•  « 



S 

•25 



-  —  -  - 







37-63 

100-00 

62^10 

100-00 

In  calculating  the  analysis  of  the  soluble  portion  to  100  per 
cent,  the  S  and  an  amount  of  iron  (-56  per  cent  FeO)  sufficient 
to  form  FeS,  are  first  deducted. 
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In  many  stony  meteorites  olivine  is  a  considerable  constituent, 
generally  forming  the  balk  of  the  soluble  silicate  ;  but  in  this 
case  the  analysis  shows  olivine  to  be  present  in  but  small  pro- 
portion, if  at  all.  It  is  interesting  to  note  that  both  the  soluble 
and  insoluble  portions  have  practically  the  same  molecular 
ratios,  the  soluble  portion  reducing  itself  essentially  to 
RAljSiOe,  in  which  R=Ca,  Fe;  and  the  insoluble  part  to  the 
same  formula,  where  R=Mg,  Fe;  both  being  equivalent  to 
aluminous  enstatite  or  pyroxfene. 

At  the  time  this  analysis  was  made  it  was  impracticable  to 
supplement  the  work  with  the  proper  microscopical  ezamina* 
tion  of  sections,  which,  doubtless,  in  conjunction  with  the 
chemical  evidence  would  have  satisfactorily  determined  the 
minerals  present.  Without  this  microscopical  knowledge,  how- 
ever, little  that  is  definite  can  be  said,  except  that  there  seem 
to  be  present  two  similar  molecules ;  the  one  in  which  lime 
predominates  being  soluble,  and  the  other,  magnesian,  being 
insoluble  in  hydrochloric  acid. 

The  other  alternative  is  to  assume  a  complex  molecule  which 
is  split  into  two  sections  by  the  action  of  the  acid. 

The  meteorite  is  now  known  as  the  SaJBEord  meteorite. 

Laboratory  U.  S.  Geological  Survey. 


Art.  XLIII. — On  the  Ventral  Plates  of  the  Carapace  of  the 
genus  Holonema  of  Nemherry ;  by  Henry  S.  Williams. 

In  the  summer  of  1890  I  exhibited  photographs  of  several 
plates,  associated  together  on  a  slab  of  sandstone  which  I 
referred  to  Holonema^  one  of  the  plates  (m.  v,  of  figure 
beyond)  being  the  same  in  shape  and  markings  as  the  orig- 
inal plate  described  by  Claypole  as  the  "  ventro-median "  or 
"  lozenge-plate "  of  "  Pterichthys,"  and  named  by  him  Pter- 
ichthys  rugosaJ^  Messrs.  Cope  and  Claypole  both  examined 
my  photograph  at  the  time  and  remarked  upon  the  close 
resemblance  to  the  arrangement  of  plates  on  the  back  of 
Bothriolepis.  In  the  account  given  by  Claypole  in  the 
American  geologistjf  the  plates  are  described  as  dorsal,  and 
their  position  is  reversed,  the  plate  a,  m.  v.,  or  anterior  median 
ventral,  being  called  "  post-dorso-median,"  although  the  general 
shape  of  the  plates  is  correct,  it  having  been  reproduced, 
mainly,  from  a  copy  of  my  photograph.:]: 

In  the  Proceedings  of  the  U.  S.  National  Museum,  voL  xiv, 
p.  266,  Cope  refers  to  the  same  photographs  as  representing 

♦  Am.  Phil.  Soc,  1883.  f  ^o^-  vi,  p.  255,  1890. 

X  See  figure,  ibid.,  page  256. 
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the  posterior  part  of  the  carapace,  speaking  of  the  plates  a.  u  {. 
(fig.  2,  beyond)  as  "  posterior  lateral "  dorsals.  My  first  im- 
pression was  that  the  plates  were  ventral;  and  in  a  letter  from 
Dr.  Newberry  the  same  interpretation  of  the  plates  was  made. 
"  I  imagine  your  plates  are  from  the  plastron,"  ..."  there 
should  be  two  other  plates  in  the  plastron  overlapping  the 
posterior  end  "  of  the  plate  marked  m.  v.j  which  he  spoke  of 
as  the  '*  central  plate  of  the  plastron ;"  and  he  further  said, 
"  your  plate  A  {a.  m,  v.  of  fig.  2)  is  altogether  new."  With 
this  conflict  of  opinion  and  knowing  then  of  no  analogous 
arrangement  of  plates  by  which  to  settle  the  question,  I  left 
the  matter  for  further  light.  The  restoration  of  the  ventral 
plates  of  the  carapace  of  Phlyctmnaapia  acadica  Whiteaves, 
by  Traquair,*  furnishes  the  needed  clue.  Whiteaves  had 
described  the  dorsal  part  of  the  carapace  as  Coccosteus  aeadious, 
and  had  figured  two  plates  which  he  referred  to  the  ventral 
part  of  the  same.  His  specimens  were  from  the  lower  Devon- 
ian of  Cambelltown  in  Canada.t  Dr.  Traquair  on  examining 
specimens  from  the  same  locality  discovered  a  large  portion 
of  the  ventral  shield,  with  nearly  all  its  plates  in  sitUy  and 

2. 


Restoration  of    ventral  plates  of 
PhlyctencLspis  Acadica  Whiteaves,  after 
Traquair.     Reduction  about  ^. 


Restoration  of  ventral  plates  of 
Holonema  rugosa  Claypole.  Reduced 
to  \  nat.  size. 


from  it,  with  the  aid  of  detatched  specimens,  the  restoration 
was  made,  of  which  a  copy  is  given  in  figure  1.  Examination 
of  the  restoration  and  its  description  shows  the  probable  rela- 

*Geol.  Mag.,  1893,  p.  148. 

f  Trans.  R07.  Soc.  Canada,  vol.  vi,  sect,  iv,  p.  3,  pi.  ix,  with  a  woodcut. 
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tioQB  of  the  plates  of  Holonema,  as  will  be  seen  by  comparing 
tigores  1  and  2.* 

The  corresponding  plates  are  indicated  by  the  same  letters 
in  the  two  ngnrBs:  i.  I.,  interlateral,  c,  comu  or  lateral  spine, 
a.  m.  v.,  anterior  median  ventral,  a.  v.  L,  anterior  ventro-lateral, 
tn.v.,  median  ventrai,  p.  v,  I.,  posterior  ventrolateral.  The 
eontinnoas  lines  indicate  ontlines  that  are  preserved  in  the 
specimens,  and  the  dotted  lines,  the  probable  ontlines  of  the 
perfect  plate. 

On  the  specimen  from  which  fignre  2  is  made  there  are  also 
traces  of  impressions  of  heavy  spine-like  bones,  but  their  shape 
is  not  determined ;  their  presence  however  is  snfficient  to  indi- 
cate that  the  same  animal,  of  which  the  plates  fignred  are 
preserved,  possessed  also  either  pectoral  limbs  or,  at  least,  some 
more  massive  bones  than  the  thin,  flat  plates  of  which  the 
form  is  distinctly  preserved. 

The  "  pectoral  limb,"  or  "pectoral  spine  "  as  it  is  called  in 
the  description  by  Oopef  (fig.  5),  is  probably  the  terminal 


Tentral  carapace  of  PtericMhys  {Both-        Terminal  fincce  Pec  o  a  Bpiae 

notepti)   canaiUnaia     Wbiteavea,    after          of  pectoral  limb  o(  HoUtnemasp." 

WliiteaveB.    ^,                                                   al  B.cfmadensis,  oat.    aize,    after 

nat.    aise,  after  Cope. 
'                                                 WhiteavBS. 

*  After  banding  tbiB  paper  to  the  eiiMr  I  have  noticed  that  .Mr.  A.  Smith 
Woodward  had  already  pointed  out  Claypole's  error  of  interpretation,  wying 
"The  pMt-dorso-median "  plate  of  Claypole  ia  obTiously  the  anterior  median 
Tontral,  while  the  ■■  poBt-dorBo-lateral "  and  "  dorso-lateral ''  of  the  same  autbor 
are  the  anterior  and  "  poaterior  Tenlro. lateral  plates  respectively,"  Catalt^ue  of 
?08sil  Fiahes,  Brit.  UuBeum,  part  II.  p,  315. 

t  On  the  ^toral  limb  of  the  geuus  Holonema  of  Newberry;  Proc.  U.  S.  N. 
Uuseum,  vol.  liv. 
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part  of  the  pectoral  limb  of  jBothriolepia  canadensis.  The 
"three  elongate  narrow  hexagons,"  with  "satares  extending 
from  the  lateral  angles  of  the  hexagons  to  the  border  of  the 
spine"  described  by  Cope  as  characteristic  of  this  spine  of 
Jaolonemay  correspond  so  exactly  to  the  satares  of  the  terminal 
finger  of  the  limb  of  Bothriolepis  canadensis  figured  by 
Whiteaves  (figures  3  and  4)  as  to  suggest  not  only  generic  but 
specific  identity.  From  the  figure  given  by  Cope,  with  the 
interpretation  of  its  relations  here  given,  it  may  be  in- 
ferred that  there  was  some  motion  at  the  joint  between  the 
two  parts  of  the  arm.  Pander's  dissection  and  description  of 
the  arm  of  Asterolepis  make  the  movement  to  have  probably 
been  of  no  great  amount. 

It  is  hoped  that  other  bones  or  plates  may  be  brought  to 
light  illustrating  the  structure  of  this  interesting  genus  of 
fi3ies.  The  specimen  from  which  the  above  restoration  was 
made  was  found  by  Prof.  C.  S.  Pressor,  near  Oxford,  N.  T. 
in  the  Oneonta  sandstone,  of  the  lower  part  of  the  Upper 
Devonian. 


Art.  XLIV. — On  some  Minerals  from  the  Manganese  Mines 
of  St  Marcel^  in  Piedmont^  Italy  /  by  S.  L.  Penpield. 

Alurgite, 

In  1865  Breithaupt  gave  a  brief  description*  of  a  deep  red 
mica  from  St.  Marcel,  to  which  he  gave  the  name  alurgite^ 
from  aXovpyo^,  meaning  purple.  The  portion  which  he  at 
that  time  had  selected  for  analysis  was  accidentally  lost  and 
since  then  it  seems  never  to  have  been  investigated.  The 
writer's  attention  was  called  to  the  mineral  by  Dr.  A.  E.  Foote 
of  Philadelphia,  who  sent  some  of  it  to  New  Haven  for  identi- 
fication, and  a  preliminary  examination,  followed  by  a  chemi- 
cal analysis  and  a  study  of  its  physical  properties  have  shown 
that  it  is  a  distinct  species.  Its  identity  with  the  alurgite  of 
Breithaupt,  was  first  suggested  to  the  writer  by  Prof.  A.  J. 
Moses  of  the  Columbia  School  of  Mines  and  has  been  con- 
firmed by  Prof.  A.  Weisbach  of  the  Bergakademie  at  Frei- 
berg, to  whom  specimens  were  sent  and  to  whom^the  author's 
thanks  are  due  for  comparing  them  with  Breithaupt's  original 
specimens. 

The  crystallization  of  alurgite  is  monoclinic ;  the  structure 
is  micaceous  and  the  cleavage  basal,  though  not  so  perfect  as 

*  Berg-  und  huttenmannisclie  Zeitung,  xxiv,  p.  336,  1866. 
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that  of  muscovite.  Cleavage  plates  are  flexible  and  somewhat 
elastic.  No  distinct  crystals  have  been  observed  but  Breit- 
haupt  mentions  plates  with  traces  of  hexagonal  outline.  The 
mica  occurs  as  an  aggregate  of  plates,  imbedded  in  a  soda  rich 
pyroxene,  which  will  be  described  later  on.  The  largest 
■cleavage  plates  that  have  been  observed  are  about  15°*°*  inf 
diameter.  When  examined  in  convergent  polarized  light  some 
show  a  uniaxial  others  a  biaxial  interference  figure,  the  double 
refraction  being  rather  strong  and  negative.  Breitliaupt  men- 
tions a  uniaxial  interference  figure,  but  in  a  footnote  states 
that  at  the  same  locality  a  second  mica  is  found,  somewhat 
h'ghter  in  color,  which  is  strongly  biaxial.  The  uniaxial  char- 
acter is  undoubtedly  the  result  of  twinning,  for  plates  can  be 
found,  which  in  some  parts  are  uniaxial,  in  others  biaxial,  and 
Tvhere  the  plane  of  the  optical  axes  is  in  two  diflEerent  posi- 
tions. Some,  moreover,  give  a  confused  interference  figure,  as 
would  be  expected  from  two  or  more  biaxial  plates,  placed  one 
above  ihe  other  in  twin  position.  There  is  no  difiference  in 
specific  gravity  between  the  uniaxial  and  biaxial  plates,  they 
are  identical  in  behavior  before  the  blowpipe  and  there  is 
every  reason  for  believing  that  they  are  the  same  chemical 
substance.  Two  measurements  were  made  of  the  divergence 
oi  the  optical  axes  as  follows  : 

2E .  y .  (Na  flame)  =  57°  O'  and  66°  5' 

The  dispersion  is  distinct,  p>v. 

When  treated  with  a  mixture  of  strong  hydrofluoric  and 
sulphuric  acids  the  biaxial  plates  show  monosymmetric  etching 
figures  while  those  of  the  uniaxial  plates  are  triangular  or 
hexagonal,  similar  to  those  of  muscovite  and  biotite,  described 
by  H.  Baumhauer.*  The  percussion  figure  is  a  normal  six 
rayed  star.  The  mica  is  of  the  first  class  according  to  Tscher- 
mak,  the  plane  of  the  optical  axes  being  at  right  angles  to 
the  symmetry  plane,  as  shown  by  the  etching  or  the  percus- 
sion figure.  The  color  will  serve  as  one  of  the  best  means  of 
identifying  this  mica.  It  is  a  deep  brownish-copper  red  ;  the 
intensity  of  which  in  transmitted  light,  varying  of  course  with 
the  thickness.  Cleavage  pieces  have  something  the  color  of 
<5lear  chips  of  almandine  garnet.  The  basal  cleavage  gives  a 
peculiar  pearly  luster  and  a  sort  of  coppery  metallic  tone,  like 
some  varieties  of  red  foil.  Breithaupt  compares  the  color  to 
lamellar  cinnabar  and  its  resemblance  to  some  of  the  foliated 
zincite  from  Franklin,  N.  J.,  is  very  close.  The  fine  powder 
is  pale  pink.  What  is  rather  remarkable  for  a  colored  mica  is 
that  its  ratio  of  absorption  is  so  nearly  alike  in  all  directions 

*Sitzb.  Akad.  Munchen,  1874,  p.  245  and  1876,  p.  99. 
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that  its  pleochroism  is  not  very  marked ;  the  axial  colors  for  a 
and  c  are  red  with  a  purplish  cast,  for  b  brownish  red. 

Before  the  blowpipe  alur^te  first  swells  and  then  fuses  at 
about  3  to  a  sliorhtly  yellowish,  blebby  glass  and  gives  a  faint 
potash  flame.  With  sodium  carbonate  in  the  oxidizing  flame 
a  green  bead,  Mn,  but  with  borax  a  violet  color  is  only  ob- 
tained after  adding  a  large  quantity  of  the  mineral,  indicating 
that  the  amount  of  manganese  is  not  very  great.  In  the 
closed  tube  at  high  temperature  neutral  water  is  given  off. 
The  finely  powdered  mineral  is  almost  absolutely  insolnble  in 
boiling  concentrated  sulphuric  or  hydrochloric  acids.  After 
fusion  it  is  also  insoluble.  The  specific  gravity  of  a  number 
of  pieces  was  taken  by  means  of  the  heavy  solution,  and 
found  to  be  between  2*835  and  2*849.  Breithaupt  gives 
2-984- 3-00.     The  hardness  is  about  3. 

The  results  of  the  analysis  of  the  air  dry  powder  are  given 
below  under  A.  Under  6  we  have  the  same  after  calculating 
Fe,0,  and  Mn,0,  as  Al^O,,  MnO  as  MgO,  Na.O  as  K.O  and 
recalculating  to  100  per  cent. 

A.  B.  Ratio. 

SiO     53-22         53-57  '893       SiO, -893 

A1,0,  .-.    21-19  22-68                  -222       (AIOH)O  .   "444 
Fe,0,  ...     1-22 
Mn,0,...       -87 

MnO -18 

MgO 6-02  6-16                  -154        (MgOH),0  '077 

K,0 11-20  11-80  -125       K,0 -126 

Na.O....        -34 

H,0 5-75  5-79 -r- 9         -643       H,0 


99-99         100-00 


The  water  was  determined  as  loss  on  ignition,  and  that  it  is 
present  in  the  mineral  as  hydroxyl  is  shown  by  the  following 
fractional  determinations : 


Two  hours  at  100°  C.  0-74 
"  ««  "  200  *'  0-48 
u        u        a    3Q0    «     0-17 


Total 1-39  per  cent  loss. 

The  iron  was  found  to  be  all  ferric  and,  moreover,  when 
weighed  quantities  of  the  mineral  and  ferrous  sulphate  were 
dissolved  together  in  sulphuric  and  hydrofluoric  acids,  and 
titrated  with  potassium  permanganate,  it  was  found  that  some 
of  the  ferrous  sulphate  was  oxidized  by  the  mineral,  which 
must  have  resulted  from  the  presence  of  a  higher  oxide  of 
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manganese.  The  amount  of  this  oxidation  was  determined 
and  gave  a  basis  for  calculating  the  per  cent  of  Mn^O,,  a  blank 
determination  having  previously  given  the  trifling  amount  of 
oxidation  from  the  air,  which  was  deducted  in  the  calculation. 
It  is  probable  that  the  deep  red  color  of  the  mineral  is  due  to 
the  presence  of  MnjO,,  for  it  is  well  known  that  the  higher 
oxides  of  manganese  have  intense  coloring  power,  while  that 
of  MnO  is  very  slight.  Thus  this  mineral  with  about  one 
per  cent  of  the  oxides  of  manganese  has  a  much  deeper  color 
than  rhodonite  with  50  per  cent  of  MnO. 

In  calculating  the  formula  it  was  found  that  the  amount  of 
hydroxyl  was  a  little  more  than  sufficient  to  unite  with  the 
alumina  to  form  the  bivalent  radical  (AlOH)  and  with  the 
magnesia  to  form  the  univalent  radical  (MgOH).  Regarding 
the  (MgOH)jO  and  the  slight  excess  of  H,0  as  isomorphous 
with  K,0  the  ratio  of  the  SiO, :  (A10H)0  :  [(MgOH),  K,  H], 
O  =  -898 :  -444 :  224  =  4-0  :  199  :  100  or  4 : 2  : 1.  The  formula 
is  then  R,(A10H)2Si^0„  where  R  equals  MgOH,  K  and  very 
little  H,  but  it  seems  still  better  to  write  this  as  a  metasilicate, 
HR,(AIOH)AlSi^Oi,.  According  to  the  mica  theory  of  Prof. 
F.  W.  Clarke*  this  composition  can  also  be  expressed  as  a 
combination  of  the  following  molecules  in  the  proportion  1 : 1 

^Si.O^EiH,  ^SiO^^R, 

Al-Si.O,=zR.  Al-SiO,  -/a10h\ 


4 


:i  f  J 


Chemically  this  mica  is  distinct  from  any  known  species. 
It  is  more  closely  related  to  lepidolite  than  to  any  of  the 
others,  beins^  similar  to  it  in  the  SiO^ .  A1,0,  and  K,0  per- 
centages. The  composition  of  both  can  be  expressed  as  meta- 
eilicates,  they  are  insoluble  in  acids  and  before  the  blowpipe 
are  easily  fusible.  Although  essentially  a  potash  alumina 
mica,  it  differs  from  muscovite  in  its  high  SiO,  and  low  A1,0, 
and  in  its  fusibility,  while  it  is  still  further  removed  from 
biotite  and  manganophyllite,  with  which  it  has  been  correlated 
by  some  authors,  by  its  high  silica  and  insolubility  in  acids. 
In  a  classification,  therefore,  alurgite  should  occupy  a  position 
near  lepidolite  and  as  a  distinct  species. 

Pyroxene  rich  in  soda,  or  jadeite. 

The  alurgite  is  associated  with  and  imbedded  in  a  soda  rich 
pyroxene.  This  occurs  as  an  interwoven  aggregate  of  pris- 
matic crystals,  resembling  in  structure  a  rather  coarsely  crys- 
tallized jadeite.      The  material  is  very  tough  and  shows  no 

♦This  Journal,  III,  xxxviii,  p.  384. 
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crystal  faces.  The  color  is  a  sort  of  ash  gray  with  a  slight 
reddish  tone.  Specimens  of  the  gray  tephroite  associated  with 
the  foliated  red  zincite  from  Franklin,  N.  J.,  bear  a  most  re- 
markable resemblance  to  those  of  this  pyroxene  with  the 
alurgite.  Before  the  blowpipe  it  fuses  readily  to  a  black  bead 
and  imparts  a  yellow  color  to  the  flame.  With  the  fliixes  it 
reacts  for  iron  and  manganese.  It  is  insoluble  in  hydrochloric 
acid.  In  thin  sections  under  the  microscope  the  presence  of  a 
black  ore,  piedmontite,  alurgite  and  numerous  minute  rutile 
crystals  could  be  detected.  The  pyroxene  showed  a  prismatic 
development,  a  large  angle  of  extinction  and  a  faint  though 
perceptible  pleochroism ;  in  clinopinacoid  sections  for  a  very 
pale  rose,  for  c  very  pale  blue.  A  section  across  the  prism 
showed  the  characteristic  prismatic  cleavage  of  pyroxene,  and 
in  convergent  light  an  optical  axis,  nearly  in  the  center  of  the 
field,  the  plane  of  the  optical  axes  being  the  clinopinacoid. 
Sections  which  approximated  closely  to  the  orthopinacoid  also 
showed  in  convergent  light  an  optical  axis ;  all  indicating  the 
pyroxene  character. 

The  material  for  the  chemical  analysis  was  crushed  and 
sifted  to  a  uniform  grain  and  separated  by  means  of  the  barium 
mercuric  iodide  solution.  The  material  was  not  quite  uniform 
in  specific  gravity,  and,  therefore,  fearing  that  it  might  be  a 
mixture,  two  portions  were  taken.  The  one  for  analysis  A 
varying  between  3  382  and  3*338  and  for  analysis  B  between 
3^338  and  3^257.  These  portions  when  examined  with  the 
microscope  were  found  to  be  quite  free  from  impurities,  the 
heavier  showing  occasional  particles  of  piedmontite  and  on 
the  whole  somewhat  clearer  grains  than  those  of  portion  B. 
The  analyses  of  the  two  portions  are  as  follows : 


SiO,..- 
AlA- 

Mn,0. . 

MnC. 
MgO.. 
CaO  .. 

Na,0  . 
K,0  -. 

Ign  . .  . 


A. 

B. 

Mean. 

Ratio. 

CaMg(SiO,),. 

NaR(SiO,), 

64-39 

54-78 

54^59 

•910 

•264 

•646 

9-93 

9-56 

9-74 

•095  ) 

11-78 

12-19 

11-99 

•076  [••177 

•177 

1-21 

-92 

1^06 

•007  ) 

-66 

•50 

•58 

•008  ) 

5-01 

5-06 

5^03 

•126  [••264 

•264 

7-29 

7-19 

7^24 

•130  ) 

9-40 
-24 

9-24 
•24 

9-32 
•24 

•003  \  ^^^ 

■ 

•153 

•38 

•36 

•37 

100-29     100-03     100-16 


The  two  analyses  are  so  nearly  alike  that  they  will  serve  as 
duplicates,  showing  that  the  material  was  quite  pure  and  homo- 
geneous.    In  calculating  a  formula,  therefore,  the  ratio  has 
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been  derived  from  the  average.  It  will  be  seen  from  the  ratio 
that  the  MgO  and  CaO  are  present  in  the  proportion  1 : 1  as 
in  normal  diopslde  MgCa(Si03),.  Deducting  from  the  total 
ratio  MnO+MgO+CaO:SiO,  = -264:264:=  1:1,  there  re- 
mains SiO,  :  Al,03  +  Fe.O.  +  Mn,0,  :  Na^O  +  K,0  =  -646  : 
•177 :  -153  =  400 :  109  :  0-94  or  nearly  4:1:1,  which  is  re- 
quired by  a  metasilicate  of  the  general  formula  NaR(Si03),. 
The  mineral  may  therefore  be  considered  as  containing  the 
following  molecular  compounds : 

Diopslde  M2Ca(Si03), 28*8  per  cent. 

Jadeite  NaAl(SiO.), 35-7      " 

Acraite  NaFe^SiO,), 32-5       " 

?  NaMn(Si03)3 3-0       " 

100-0       " 

These  results  throw  some  light  on  the  soda  and  sesquioxide 
rich  pyroxenes,  showing  that  in  this  case,  at  least,  they  are 
normal  metasilicates.  Moreover  this  mineral  holds  about  the 
same  relation  to  the  pyroxenes  that  glaucophane  does  to  the 
amphiboles,  being  also  similar  in  the  orientation  of  its  pleo- 
chroism. 

As  far  as  can  be  learned,  the  pyroxene  which  agrees  most 
closely  with  this  in  composition  is  a  jadeite  or  chloromelanite 
from  Mexico,  analyzed  by  A.  Damour*  and  containing  8*89 
per  cent  of  Fe,03,  equivalent  to  25*7  per  cent  of  the  acmite 
inolecule.  The  color  is  described  as  black,  in  thin  section 
deep  green  and  this  is  in  strong  contrast  to  the  Piedmont  min- 
eral, which  with  a  larger  percentage  of  Fe303  is  light  in  color. 
It  is  a  well  known  fact  that  glasses  which  are  colored  green  by 
iron  can  be  decolorized  by  a  higher  oxide  of  manganese,  and 
probably  in  this  case  the  presence  of  about  1  per  cent  of 
Mna03  has  served  to  complement  the  green  color  which  would 
be  expected  from  the  large  percentage  of  the  acmite  molecule. 

Violan, 

In  1833  Breithauptf  described  a  mineral  of  rare  occurrence 
at  Piedmont,  to  which,  from  its  beautiful  blue  color,  he  gave 
the  above  name.  No  chemical  analysis  was  given  hut  only  a 
description  of  its  physical  and  pyrognostic  characters. 

Des  Cloizeaux:]:  has  given  a  brief  description  of  the  crystals, 
on  which  he  was  able  to  identify  in  the  prismatic  zone  the 
forms  100,  010,  110  and  120,  as  well  as  a  prismatic  cleavage, 

♦Bull.  Soc.  Min.  de  France,  iv,  1881,  p.  157.     Also  Dana's  System  of  Min., 
Sixth  edition,  analysis  26,  page  370. 

f  Jour.  prak.  Ohem.,  xv,  p.  329.  %  ^^^^^^  de  Mineralogie,  1862,  p.  66. 
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all  correspondinff  closely  in  their  angles  to  pyroxene.  He  also 
presents  an  analysis  by  Damonr  which,  as  the  material  was 
impure  from  the  presence  of  a  fibrous  mineral  supposed  to  be 
tremolite,  he  regards  as  only  approximate.  Later*  ne  showed 
that  the  optical  properties  were  like  those  of  diopside  and  pre- 
sented an  additional  analysis  by  Pisani.  A  chemical  analysis 
has  also  been  made  by  Schluttig.f  The  analyses,  all  of  which 
are  given  on  page  357  of  the  sixth  edition  of  Dana's  System 
of  Mineralogy,  show  considerable  variation  and  do  not  yield  a 
satisfactory  formula. 

In  studying  out  the  relations  of  the  light  colored  pyroxene 
associated  with  alurgite,  to  the  other  members  of  the  pyroxene 
family,  it  seemed  to  show  a  similarity  to  violan,  especially  as 
the  analyses  showed  that  they  were  both  rich  in  soda  and  con- 
tained manganese  and  sesquioxides.  As  there  was  an  excel- 
lent specimen  of  violan  in  the  collection  of  Prof.  Brush  it 
seemed  best  to  make  a  new  analysis  of  it.  The  material  was 
selected  by  hand  and  af iter  crushing  and  sifting  to  a  uniform 
grain  it  was  separated  by  means  of  barium  mercuric  iodide 
solution.  The  portion  that  was  taken  for  analysis  varied  in 
specific  gravity  between  the  limits  3-272  and  3*237.  As  given 
by  other  authors  it  varies  from  3*21  to  3*233.  The  material 
when  examined  under  the  microscope  was  apparently  very 
pure.  The  color  was  a  beautiful  light  blue.  The  analysis  is 
as  follows : 

NaR(Si08)a.     CaMg(Si08),. 
•084  -815 

•021  -021 


•846  -846 


•021  -021 


Ratio. 

SiO, 

..   53*94 

•899 

A1,0.-.- 
FeA  ... 

Mn,0.... 

...      1*00 

•86 
•88 

•010 
•005 
•006 

MnO.-.. 
MgO.... 
CaO  .... 

•36 
..    16-63 
..    23-80 

•005 
•416 
•425 

Na,0  ... 
K,0  .... 
Ign 

_.      1^22 
•05 
•06 

•020 
•001 

99-40 

These  results  differ  from  those  of  other  investigators  in 
showing  less  alkalies  and  sesquioxides.  Moreover  the  identity 
which  Igelstrom:!:  has  sought  to  establish  between  violan  and 
the  mineral  from  Jakobsberg,  Wermland,  described  by  him§ 

*  Manual  de  Mineralogie,  vol.  ii,  1874,  p.  xlx. 

finaug.  Diss.  Leipzig,  1884.     Zeitschr.  Kryst.,  vol.  xiii,  p.  74. 

X  Jahrb.  1  Min.,  1890,  2,  p.  270.  §  Jahrb.  f.  Min.,  1889,  2,  p.  36. 
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under  the  name  anthochroite  is  not  confirmed  by  this  analysis 
inasmuch  as  there  is  a  marked  difference  in  the  ratio  of  the 
alkalies  to  the  sesquioxides.  As  may  be  seen  from  the  ratio  in 
the  author's  analysis  the  alkalies  and  sesquioxides  are  present 
in  the  proportion  1 : 1,  suggesting  a  molecule  of  the  jadeite 
type,  while  MgO  and  CaO  are  also  present  as  1 : 1  as  in 
normal  diopside.  Taking  from  the  total  ratio  Na,0  :  RaO, : 
SiO,  =  -021 :  -02 1  :  -084  =  1:1:4,  there  remains  MnO  +  MgO 
+CaO  :  SiO,  =  -846 :  815  =  1-04 : 1  or  nearly  1 : 1  as  required 
by  diopside.  The  composition  of  violan  may  therefore  be 
expressed  as  a  mixture  oi  the  following  metasilicates. 

Diopside  MgCa(SiO,), 90-8  per  cent. 

Jadeite     NaAl(SiOJ, 4-1       " 

Acmite     NaFeCSiO,), 2-4      " 

?  NaMn(SiO,), 2-7       " 

The  mineral  is  therefore  essentially  a  blue  variety  of  diop- 
side, containing  small  quantities  of  various  well  recognized 
pyroxene  molecules. 

An  azure  blue  pyroxene  has  recently  been  described  by 
Merrill  and  Packard*  from  the  Middle  Gila,  New  Mexico. 
Their  analysis  corresponds  essentially  to  a  normal  diopside, 
with  only  111  per  cent  of  FeO  and  the  blue  color  is  regarded 
by  them  as  due  to  the  ferrous  iron. 

Laboratory  of  Mineralogy  and  Petrojrraphy, 
Sheffield  Scientific  School,  June,  1893. 


SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  the  Absorption-spectra  of  Copper  salts,  —  The  absorp- 
tion-spectra of  aqueous  solutions  of  copper  chloride,  sulphate 
and  nitrate  have  been  examined  by  Ewan,  usinff  Krtlss's  uni- 
versal spectrometer  for  the  purpose  and  employing  Vierordt's 
method.  The  conclusions  reached  in  the  investigation  may  be 
summed  up  as  follows:  (1)  On  diluting  their  solutions  the  ab- 
sorption-spectra of  all  the  three  salts  examined  are  observed  to 
change ;  ('2)  the  character  of  these  changes  is  such  as  to  show 
that  the  spectra,  in  dilute  solutions  tend  to  become  identical ; 
(3)  the  behavior  of  the  salts  examined  leads  to  the  conclusion 
that  in  strong  solutions,  the  acid  and  basic  parts  of  the  salts  are 
associated  in  producing  absorption  of  light  whilst  in  dilute  solu- 
tions they  act  independently  in  doing  so ;  (4)  these  results  are 
substantially  in  agreement  with  the  hypothesis  of  electrolytic 
dissociation  ;  (6)  and  finally  the  results  obtained  do  not  seem  to 

*  This  Journal,  III,  xliu,  1892,  p.  279. 
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be  satisfactorily  explicable  upon  the  hypothesis  of  a  hydrolytic 
dissociation  or  on  that  of  molecular  aggregates. — Phil,  Mag,^  V, 
xxxiii,  317;  «7i  Chem,  Soc,  Ixiv,  II,  149,  April,  1893.      g.  f.  b. 

2.  On  the  Separation  of  Gases  froni  each  other  under  the 
influence  of  the  Electric  discharge. — It  has  been  observed  by 
Baly,  that  on  passing  the  electric  discharge  through  a  vacuum- 
tube  containing  only  a  small  quantity  of  hydrogen  the  hydrogen 
lines  are  observed  only  in  the  spectrum  of  the  negative  glow  and 
not  at  all  in  the  body  of  the  tube.  This  as  he  shows  is  due  to  an 
accumulation  of  the  hydrogen  about  the  negative  electrode;  and 
by  employing  tubes  of  suitable  shape  containing  mixtures  of  car- 
bon dioxide  and  hydrogen  at  about  0*75™"^  pressure,  he  has  suc- 
ceeded in  effecting  so  complete  a  separation  of  the  hydrogen  that, 
on  sealing  off  the  portion  of  the  tube  containing  the  positive  elec- 
trode, only  a  trace  of  hydrogen  can  be  detected  in  it  by  spectro- 
scopic tests.  Mixtures  of  hydrogen  with  other  gases,  such  as 
nitrogen,  carbon  monoxide,  sulphuf  dioxide,  iodine,  and  mercury 
vapor  behave  similarly.  When  a  mixture  of  carbon  monoxide 
and  carbon  dioxide  is  used,  the  former  gas  separates  at  the  nega- 
tive electrode.  When  nitrogen  is  mixed  with  the  carbon  dioxide, 
the  separation  of  the  two  is  very  complete.  Moreover  sulphur 
dioxide  and  carbon  dioxide  may  be  thus  separated.  Air  must  be 
highly  rarefied  before  separation  begins  and  then  the  oxygen 
appears  to  go  to  the  negative  electrode.  No  relation  could  be 
observed  between  the  molecular  masses  of  the  constituent  gases 
and  the  separation  of  the  mixtures.  The  author  points  out  an 
apparent  connection  between  this  kind  of  separation  and  striated 
discharges;  the  striae  being  strongly  marked  only  when  separa- 
tion occurs  and  never  appearing  if  the  contents  of  the  tube  re- 
mains homogeneous.  If  the  negative  electrode  be  made  a  mere 
point  so  as  to  prevent  the  formation  of  a  glow  around  it,  no  stria- 
tion  nor  separation  is  observed.  Moreover  pure  gases  do  not 
stratify,  iodine,  sulphur,  arsenic  and  mercuric  iodide  giving  only  a 
phosphorescence  throughout  the  tube.  Prepared  in  a  state  of 
considerable  purity,  hydrogen  itself  showed  but  traces  of  stria- 
tion ;  and  from  this  the  author  concludes  that  pure  hydrogen 
would  not  stratify  at  all,  stratification  being  a  phenomenon  due 
to  the  separation  of  two  gases. — Phil,  Mag.^  V,  xxxv,  200 ;  /. 
Chem,  JSoc.y  Ixiii,  II,  253,  June,  1893.  G.  f.  b. 

3.  On  the  Determination  of  Molecular  Mass  from  the  Pate 
of  Evaporatioji. — It  is  well  known  that  when  a  non-volatile  sub- 
stance is  dissolved  in  a  fairly  volatile  liquid,  the  rate  of  evapora- 
tion of  this  liquid  is  decreased.  This  result  may  probably  be 
attributed  to  the  fact  that  in  the  case  of  the  solution,  the  surface 
exposed  is  composed  partly  of  the  molecules  of  the  volatile  sol- 
vent and  partly  of  the  molecules  of  the  non-volatile  dissolved 
substance ;  while  when  the  solvent  alone  is  exposed  to  evapora- 
tion its  surface  consists  wholly  of  volatile  molecules.  Evidently 
therefore  the  greater  the  number  of  non-volatile  molecules  the 
less  the  evaporation.     In  other  words,  the  rate  of  evaporation  of 
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such  a  solution  will  decrease  regularly  with  its  concentration  and 
will  be  inversely  proportional  to  the  molecular  mass  of  the  dis- 
solved substance.  Hence  the  molecular  mass  of  any  substance 
may  be  determined  from  the  rate  of  evaporation  of  one  of  its 
solutions,  as  it  may  from  the  depression  of  the  freezing  point. 
Kbonbbbg  has  experimented  to  determine  the  best  conditions 
required  to  put  this  method  into  operation.  To  make  a  determi- 
nation, weighed  quantities  of  two  solutions,  one  of  a  substance  of 
known,  the  other  of  a  substance  of  unknown  molecular  mass,  in 
the  same  solvent,  should  be  exposed,  either  in  the  open  air  or  in 
a  vacuum  for  a  given  time  and  then  reweighed.  The  losses  in 
each  case,  calculated  for  one  hundred  pans  of  the  pure  solvent, 
will  be  inversely  proportional  to  the  molecular  masses  of  the  dis- 
solved substances ;  and  since  one  of  them  is  known  the  other  is 
readily  calculated. — Monatsb,  Chem.y  xiv,  24 ;  J,  Chem.  SoCy 
Ixiii,  261,  June,  1893.  G.  f.  b. 

4.  On  the  Boiling  and  the  JPre^ing  points  of  Nitrogen  mon- 
oxide,—Ramsay  and  Shields  have  determined  with  care  the 
temperature  at  which  liquid  nitrogen  monoxide  boils  and  the 
temperature  at  which  it  solidifies  at  ordinary  atmospheric  pres- 
sure. For  this  purpose  tbey  employed  a  hydrogen  thermometer, 
readings  of  the  pressure  being  taken  at  constant  volume.  The 
error  arising  from  the  difference  of  temperature  between  the 
stem  and  the  bulb  and  that  due  to  the  alteration  in  the  volume  of 
the  bulb  were  eliminated  by  the  method  used.  The  plan  adopted 
was  to  read  the  position  of  the  mercury  in  the  capillary  stem 
when  the  bulb  was  immersed  in  water  at  atmospheric  tempera- 
ture ;  to  raise  it  to  about  100°  by  covering  it  with  cotton- wool 
and  exposing  it  to  the  steam  of  boiling  water  and  to  read  the 
increase  of  the  pressure  of  the  gas ;  and  then  to  immerse  it  in 
the  boiling  nitrogen  monoxide  and  again  to  read  the  pressure, 
which  then  of  course  is  reduced.  Three  determinations  of  the 
boiling  point  made  in  this  way  gave  the  values  —  90'1%  —89*8° 
and  — 89*5°  ;  the  mean  being  —  89*8°.  The  liquid  should  be  kept 
actively  boiling  during  the  pressure  reading,  in  order  to  prevent 
superheating.  The  solid  nitrogen  monoxide  was  produced  by 
covering  the  bulb  of  the  hydrogjen  thermometer  with  cotton-wool 
and  dipping  it  into  the  liquid.  On  removing  it  and  blowing  air  on 
the  surface  the  liquid  froze  and  the  temperature  fell,  the  pressure 
falling  concurrently.  The  lowest  reading  of  pressure  was  taken  as 
equivalent  to  the  melting  point  of  the  solid.  The  temperatures 
thus  observed  in  two  experiments  were  — 102*5°  and  — 102'1°; 
the  mean  being  — 102*3°,  which  may  be  taken  as  the  fusing  point 
of  solid  nitrogen  monoxide. — «7]  Chem,  jSoc,  Ixiii,  833,  June, 
1893.  G.  p.  B. 

5.  On  the  Tests  for  Arsenic, — In  1851  Fleitmann  showed  that 
when  a  mixture  containing  arsenic  and  antimony  is  added  to  a 
solution  of  caustic  alkali  and  heated,  arsine  is  evolved  but  no 
stibine.  Hager  soon  after  showed  that  when  the  arsenic  is  in  the 
form  of  arsenic  acid  no  arsine  is  evolved   under  these  circum- 
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stances.  In  1873  Gatehouse  proposed  to  replace  the  zinc  by 
aluminum  in  Fleitmann's  test;  and  in  1878  Johnston  claimed 
that  this  process  was  successful  with  arsenic  compounds.  Fre- 
senius  confirmed  this  result  later  and  concedes  that  the  Gatehouse 
process  detects  arsenic  acid.  This  subject  has  now  been  re- 
examined by  Clark  who  concludes  from  carefully  condacted 
experiments  that  when  arsenic  acid  is  heated  with  pure  aluminum 
and  potassium  or  sodium  hydrate  not  a  trace  of  arsine  is  evolved  ; 
the  result  obtained  by  Fresenins  being  due  apparently  either  to 
the  presence  of  a  little  arsenous  acid  in  his  arsenate  or  to  phos- 
phorus.  The  author  tested  the  suitability  of  this  process  for 
the  quantitative  determination  of  arsenic  as  arsenous  acid.  But 
he  was  unable  to  convert  more  than  four-fiflhs  of  the  arsenous 
oxide  into  arsine  owing  to  the  formation  of  the  solid  hydride. 
Moreover  the  author  finds  that  the  use  of  sodium  amalgam  in 
place  of  aluminum  as  proposed  by  Davy  in  1876,  does  not  evolve 
arsine  when  the  arsenic  presept  is  in  the  form  of  arsenic  acid. 
Clark  has  also  proposed  an  improvement  in  Reinsch's  test  for 
arsenic.  The  material  to  be  tested  is  boiled  gently  in  a  porcelain 
vessel  with  dilute  hydrochloric  acid  and  a  strip  of  copper  foil 
about  1  inch  by  \  inch.  When  the  coating  is  decided  the  copper 
is  removed  and  washed  with  water  and  alcohol,  and  then  placed 
in  a  mixture  of  dilute  potassium  hydrate  and  hydrogen  peroxide 
and  allowed  to  digest  in  the  cold.  The  arsenic  and  antimony  are 
dissolved,  and  the  copper  now  bright  is  returned  to  the  organic 
mixture.  The  alkaline  liquid  is  heated  to  boiling,  filtered  and 
evaporated  to  a  small  bulk.  It  is  washed  into  a  small  flask  with 
strong  hydrochloric  acid,  ferrous  chloride  is  added,  and  the  flask 
being  fitted  to  a  worm  condenser,  the  arsenic  is  distilled  into 
water.  Through  this  distillate  hydrogen  sulphide  is  passed; 
wh.en  if  more  than  O'l^^*"™  of  arsenic  be  present  a  yellow  precipi- 
tate is  obtained.  This  may  be  filtered  off,  washed  with  CS^,  alco- 
hol and  water,  dissolved  off  the  filter  with  dilute  ammonia,  evapo- 
rated to  dryness  and  weighed  as  arsenous  sulphide.  According 
to  Curtraann,  a  yellow  coloration  is  produced  by  hydrogen  sul- 
phide when  only  0*001™^''"*  of  arsenous  sulphide  is  present.  The 
filtrate  after  removal  of  the  arsine  is  saturated  with  hydrogen 
sulphide,  the  antimony  sulphide  filtered  off,  dissolved  in  caustic 
soda,  filtered  to  remove  any  copper  sulphide,  and  the  antimony 
sulphide  precipitated  by  hydrochloric  acid ;  the  precipitate  being 
washed  with  alcohol,  CS,  and  water  and  weighed  as  antimonous 
sulphide.  In  his  arsenic  experiments,  0*004,  0*001  and  0*0004 
gram  of  arsenic  being  taken,  0*0042,  0*0014  and  0*0004  gram 
were  found,  the  latter  estimated  by  color.  In  the  case  of  anti- 
mony 0-004  and  0*001  being  taken  0*0049  and  0*0017  were 
found.  In  presence  of  organic  matter  0*004  gram  each  of  arsenic 
and  of  antimony  were  taken ;  the  quantities  found  being  0*0038 
and  0*0042  gram  respectively.  In  a  second  experiment  where 
0*001  gram  of  each  was  taken  the  arsenic  found  was  0*001  and 
the  antimony  0*0009.     This  sensitiveness  appears  to  be  all  that  is 
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required   for  taxioal   purposes. — J,   Chem.    Soc.^  Ixiii,  884,  886, 
June,  1893.  g.  r.  b. 

6.  On  the  Density  of  Carhom  monoxide  and  the  Atomic  Mass 
of  Carbon, — The  density  of  carbon  monoxide  has  been  carefully 
determined  by  Leduc.  It  was  prepared  by  the  action  of  sul- 
phuric acid  on  oxalic  acid  and  was  punfied  by  means  of  potassium 
hydroxide  and  dried  over  phosphoric  oxide.  Three  mass  deter- 
minations of  a  given  volume  of  the  gas  at  0°  and  760™"  ^ave 
the  values  2*8470,  2*8478,  2*8469  ;  the  mean  being  2*8469.  Since 
the  mass  of  air  contained  in  the  same  vessel  was  2*9440  grams,  the 
relative  density  of  the  carbon  monoxide  is  0*96702  ;  agreeing 
with  the  value  ordinarily  accepted.  If  at  0°,  this  gas  has  the 
same  molecular  volume  as  oxygen,  the  atomic  mass  of  carbon  cal- 
culated from  the  above  density  is  11*913  (O  =  15*88).  This  value 
agrees  very  closely  with  the  numbers  11*915  and  11*917,  obtained 
by  synthesis  by  v  an  der  Plaat  and  Friedel  respectively.  Assum- 
ing the  experimental  results  to  be  correct,  the  ratio  of  the  molecu- 
lar volume  of  carbon  monoxide  to  that  of  oxygen  is  1*0001.  It 
has  been  shown  that  the  corresponding  ratio  for  hydrogen  and 
oxygen  is  about  1*002.  If  Regnault's  value  for  oxygen  (1*10663) 
be  assumed  as  true,  the  atomic  mass  of  carbon  would  be  11*897, 
which  is  not  in  sufficiently  close  agreement  with  the  actual  de- 
terminations. There  can  be  little  doubt  therefore  that  the 
author's  value  1*1050,  is  more  correct.  Since  the  relative  density 
of  methane  calculated  from  its  molecular  mass  is  0*55376,  which 
is  lower  than  the  value  generally  accepted,  it  is  probable  that  the 
determinations  were  made  with  a  gas  not  quite  pure. —  G.  /r?.,cxv, 
1072;  J.  Chem.  Soc,  Ixiv,  165,  April,  1893.  g.  f.  b. 

7.  On  the  Volatilization  of  Silica, — Although  pure  silica  is 
sometimes  observed  in  the  higher  portions  of  blast-furnaces  as  a 
sublimate,  no  direct  experiments  have  ever  been  made  apparently 
to  test  its  volatility  directly.  This  has  now  been  done  by 
Cramer,  who  used  pure  crystallized  native  silica  for  this  purpose. 
A  Deville  furnace,  12°"  in  diameter  and  33®™  high  was  heated  by 
means  of  graphitic  carbon,  a  blast  of  air  being  forced  in  from  be- 
low. After  two  hours  the  heat  obtained  was  equal  to  the  highest 
ever  noticed  in  furnaces,  platinum  not  only  being  melted  but  actu- 
ally beginning  to  boil  and  evaporate.  A  weighed  quantity  of  the 
crystallized  quartz  was  introduced  into  a  graphitic  crucible  pro- 
vided with  a  lid.  This  was  put  inside  a  second  crucible  of  raagnesite, 
the  space  between  them  being  filled  with  powdered  magnesia.  The 
whole  was  now  placed  in  the  furnace,  a  strong  blast  was  applied 
and  after  4  kilograms  of  graphite  had  been  burned  the  experi- 
ment was  stopped  and  the  quartz  re-weighed.  It  was  found  to 
have  lost  40*5  per  cent.  After  repeating  the  operation  three 
times  the  author  succeeded  in  volatilizing  the  quartz  completely. 
No  volatilization  however  takes  place  when  the  temperature  ia 
not  above  that  of  melting  iron. — ZeiL  angew,  Chem,^  1892,  484; 
«7!  Chem,  Soc,^  Ixiii,  .164,  June,  1893.  g.  f.  b. 


300  Scientific  Intelligence. 

8.  On  the  Inertness  of  Quicklime. — While  the  activity  of  cal- 
cium oxide  toward  water  is  so  well  known  as  to  give  to  this  sab- 
stance  the  name  ^'  quicklime/'  ye^  to  other  substances  it  is  in 
general  quite  inert.  Neither  carbon  dioxide  nor  hydrogen  sul- 
phide for  example  will  unite  with  dry  quicklime.  Vbley  has 
undertaken  an  investigation  to  determine  how  far  the  absorptive 
power  of  lime  for  gases  is  dependent  (1)  upon  the  mass  of  water 
present  and  (2)  upon  the  temperature.  In  the  first  set  of  experi- 
ments carbon  dioxide  was  the  gas  employed;  in  the  second  set 
sulphur  dioxide.  The  lime  was  contained  in  a  tared  U  tube, 
and  the  carefully  dried  gas  passed  over  it.  The  amount  of  absorp- 
tion was  determined  both  by  the  increase  of  the  weight  of  the 
lime  and  by  that  of  a  soda  solution  placed  beyond  it;  the  sum  of 
the  two  giving  the  total  mass  of  gas  passed.  It  was  observed 
that  the  effect  of  a  trace  of  water  is  precisely  similar  to  that  of 
heat  energy  in  inducing  the  combination  of  ordinarily  inert  sub- 
stances. Neither  carbon  dioxide  nor  sulphur  dioxide  combines 
with  dry  lime  appreciably  below  350°;  these  gases  beingj  quite 
similar  in  this  regard.  At  ordinary  temperatures  incompletely 
hydrated  lime  does  not  combine  with  CO, ;  though  10  per  cent 
of  water  greatly  increases  the  absorption.  Neither  does  ordinary 
quicklime  absorb  nitrous  fumes. — I,  Ghem,  JSoc,  Ixiii,  821,  June, 

1893.  G.  F.  B. 

9.  lecture-notes  on  Theoretical  Chemistry.  By  F.  C.  Wkich- 
MANN,  Ph.D.  12mo,  pp.  xiv,  225.  New  York,  1893  (John 
Wiley  &  Sons). — In  compiling  this  little  manual  the  author  has 
evidently  intended  to  offer  within  a  small  compass  a  general  re- 
view of  "the  wide  domain  of  chemical  theory"  including  in  this 
term  not  only  chemical  theories  proper  but  also  the  physics  of 
chemistry  to  a  large  extent.  Hence  it  contains  chapters  on  Spe- 
cific gravity,  on  Solutions,  on  Energy  and  on  Thermo-,  Photo-  and 
Electro-chemistry  as  well  as  chapters  on  Atoms  and  Valence,  on 
Chemical  formulae,  on  Chemical  equations  and  on  the  Periodic 
Law.  While  of  course  these  subjects  can  be  treated  only  very 
briefly  within  the  space  given  them,  they  appear  to  be  clearly 
presented ;  so  that  the  student  will  be  prepared  for  the  more  ex- 
tended treatises,  a  list  of  which  is  appended.  Mechanically,  the 
book  is  excellent.  g.  f.  b. 

10.  ^  Guide  to  Stereochemistry,  based  on  lectures  delivered  at 
Cornell  University.  By  Arnold  Eiloart,  Ph.D.,  B.Sc.  8vo, 
pp.  iv,  106.  With  50  woodcuts  and  5  plates.  New  York,  1893 
(Alexander  Wilson).  This  brochure  is  a  timely  resume  of  the 
evolution  of  one  of  the  most  important  subjects  occupying  the 
attention  of  chemists  at  the  present  time.  Its  first  36  pages  treat 
of  the  Stereochemistry  of  Carbon  and  the  next  14  of  the  Stereo- 
chemistry of  Nitrogen  ;  while  the  rest  of  the  book  is  occupied 
with  an  Index  to  the  literature  of  Stereochemistry  and  a  short 
article  on  the  use  of  models  in  teaching  solid  formulas.  The  de- 
velopment of  the  subject  is  mainly  historic.  The  discussion  is 
clear  and,  aided  by  the  numerous  illustrations,  cannot  fail  to  be 
fully  understood  by  the  attentive  stndent.  g.  f.  b. 
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11.  Heat.  By  Mark  R.  Wright.  12mo,  pp.  x,  336.  New 
York,  1893.  (Longmans,  Green  &  Co.). — This  book  forms  one  of 
the  manuals  issued  for  students  in  advanced  classes.  It  treats 
the  subject  from  the  basis  of  fact  rather  than  of  theory,  the 
nature  of  heat  not  being  discussed  until  the  second  third  of  the  vol- 
ume. The  statements  appear  accurate  and  the  illustrations  good. 
Radiation  is  still  included  as  a  department  of  heat  proper.  Num- 
erous questions  and  problems  are  given  at  the  end  of  the  chap- 
ters. The  subject  of  Thermodynamics  is  exceptionally  well 
treated.  g.  f.  b. 

\2,  A  Select  Bibliography  of  Chemistry,  1492-1802,  by  H.  C. 
Bolton.  1212  pp.  8vo,  No.  850  of  the  Smithsonian  Miscellaneous 
collections. — This  volume  is  the  result  of  an  immense  amount 
of  careful  work.  Coming  from  Prof.  Bolton,  it  is  sure  to  be 
accurate  work.  Chemists  owe  him  a  great  debt  of  gratitude  for 
this  '*  labor  of  love." 

13.  Interferences  of  electrical  waves  produced  by  normal 
reflection  from  a  metallic  plate, — According  to  the  researches  of 
Hertz,  long  electrical  waves  apparently  travel  faster  in  air  than 
along  wires,  while  the  velocities  in  the  two  media  afe  sensibly 
equal  for  short  waves  (A.  =  30^"").  MM.  Sarasin  and  de  la  Rive 
have  instituted  experiments  on  a  large  scale  to  test  the  question 
of  this  inequality  in  the  rate  of  propagation.  A  building  con- 
nected with /brce«  motrices  du  RMne  at  Geneva  was  placed  at 
their  disposal.  A  metallic  reflecting  surface  8™  in  height  and 
16™  in  breadth  of  zinc  '6^^  in  thickness  was  placed  against  a  wall 
of  the  interior  of  the  building,  and  a  camera-like  box  10"  long 
and  1*50°^  wide  made  of  black  paper  rested  against  the  metallic 
surface  and  projected  into  the  room.  This  dark  chamber  was 
supported  at  such  a  height  that  a  normal  through  its  center  to  the 
metallic  surface  was  4™  above  the  floor.  A  species  of  optical 
bank  ran  through  the  center  of  the  dark  chamber  on  which  the 
various  resonators  which  were  used  were  mounted. 

The  apparatus  for  producing  the  electric  sparks  did  not  differ 
essentially  from  that  employed  by  Hertz  with  the  exception  that 
the  Ruhmkorf  coil  was  excited  by  a  dynamo  machine.  The 
spark  apparatus  was  placed  at  a  height  of  4°*  and  \b^  from  the 
mirror.  By  moving  the  resonators  to  and  fro  in  the  dark  chamber, 
points  of  interference  of  the  direct  and  the  reflected  waves  were 
obtained.  In  one  case  a  resonator  of  0*75™  in  diameter  was 
employed.  It  consisted  of  a  hollow  tube  of  copper  bent  into  a 
circle.  The  exterior  diameter  of  the  tube  was  1^°",  and  one  end 
of  the  tube  was  provided  with  a  suitable  micrometer  in  order  to 
measure  the  spark  gap.  It  was  found  that  a  reflecting  surface  of 
at  least  12°^  to  14"^  in  length  and  8™  in  height  was  necessary  to 
produce  the  phenomena  with  a  resonator  O'lb"^  in  diameter,  and  a 
surface  8™  by  8°^  to  produce  them  with  a  resonator  0*05™  in  dia- 
meter.    The  author's  conclusions  are  as  follows : 

Th^  circular  resonator  responds  to  a  constant  wave  length, 
whatever  maybe   the  dimensions   of  the  exciter;   the  intensity 
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of  the  secondary  spark  alone  varies,  attaining  its  maximam  for  a 
given  length  of  the  exciter.  One-fourth  of  the  wave  length  of  a 
circular  resonator  is  approximately  equal  to  twice  its  diameter. 

In  the  case  of  normal  reflection  Irom  a  metallic  surface  the 
first  node  is  exactly  at  the  mirror. 

The  velocity  of  propagation  of  an  electric  wave  is  the  same  for 
air  and  conducting  yrive^,^  Archives  des  Sciences  Physiques  et 
Niaturelles,  Troisi^me  periode  t.  xxix,  April  and  May  1893,  p.  358- 
441.  J.  T. 

11.    Geology  and  Mineralogy. 

1.  The  Geological  Society  of  America. — ^The  fifth  summer 
meeting  of  the  Geological  Society  of  America  was  held  on  Tues- 
day and  Wednesday  (Aug.  15  and  16)  in  the  Geological  Section 
Room  of  the  University  of  Wisconsin.  In  the  absence  of  the 
President,  Sir  Wm.  Dawson,  the  Vice-President,  Prof.  T.  C. 
Chamberltn  presided.  Prof.  C.  R.  Van  Hisb  gave  an  address 
of  welcome. 

Papers  ^were  read  by  J.  W.  Dawson,  on  the  study  of  fossil 
plants  (read  by  tRe  secretary);  E.  W.  Claypole  three  short 
papers  on  fishes  from  the  Cleveland  shale ;  J.  J.  Stevenson,  on 
the  Origin  of  the  Pennsylvania  anthracite;  C.  W.  Hall  and 
F.  W.  Sardksox,  on  the  Magnesian  series  of  the  northwestern 
states ;  C.  R.  Van  Hise,  on  the  Succession  in  the  Marquette  Iron 
district  of  Michigan  ;  G.  F.  Wright,  on  the  Extra-moraine  drift 
in  New  Jersey ;  A.  A.  Wright,  on  the  Limits  of  the  glaciated 
area  in  New  Jersey;.  J.  W.  Spencer,  on  Terrestrial  subsidence 
in  the  southeast  part  of  the  American  continent ;  Warren 
Upham,  Evidence  of  elevation  of  Kames,  Eskers,  and  Mo- 
raines of  the  North  American  ice  sheet,  chiefly  from  its  englacial 
drift,  and  on  the  Succession  of  pleistocene  formations  in  the  Mis- 
sissippi and  Nelson  river  basins ;  N.  H.  Darton,  on  the  Cenozoic 
history  of  Eastern  Virginia  and  Maryland ;  E.  H.  Williams,  on 
South  Mountain  glaciation ;  H.  F.  Reid,  on  the  Gravels  of  Glacier 
Bay,  Alaska ;  W.  P.  Blake,  on  the  Dislocations  in  the  strata  of 
the  Lead  and  Zinc  Region  of  Wisconsin,  and  their  relations  ot 
the  mineral  deposits,  with  some  observations  upon  the  origin  of 
the  ores ;  J.  H.  Holmes,  on  the  Sand  Hill  country  and  the  coastal 
plains  of  North,  Carolina ;  G.  H.  Williams,  on  the  Geological 
exhibitions  at  the  World's  Fair ;  (read  by  title)  J.  P.  Smith,  on 
the  Arkansas  coal  measures  in  their  relation  to  the  Pacific  Car- 
boniferous province. 

The  following  notes  briefly  indicate  the  contents  of  some  of 
the  papers  read  : 

Prof.  J.  J.  Stevenson,  in  his  paper  on  the  Origin  of  the  Penn- 
sylvania anthracite,  described  the  geological  structure  of  the 
coal  areas  of  Pennsylvania  and  their  relation  to  the  coal  areas  of 
Maryland  and  the  Virginias.  He  told  of  the  decrease  in  volatile 
combustible  matter  of  coals  along  an  east  and  west  line  in  Penn- 
sylvania as  described  many  years  ago.      The   theory  of  H.  D. 
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Rogers  that  the  anthracite  is  due  to  metamorphic  influence  of 
steam  and  superheated  gases  escaping  from  crevices :  that  of  J.  P. 
Lesley  that  the  metamorphism  is  due  to  increased  eaith  heat: 
and  the  other  that  the  metamorphism  is  due  to  transformed 
mechanical  force  were  examined  and  in  each  case  found  to  be 
unsatisfactory,  being  either  discordant  with  the  facts  or  unsup- 
ported by  them.  The  author  maintained  that  the  coal  is  not  due 
to  metamorphism  but  to  longer  continuance  of  the  process  whereby 
bituminous  coal  is  formed.  Twenty  years  ago  he  was  led  to 
believe  that  the  great  coal  marsh,  which  was  the  parent  of  the 
successive  coal  beds  originated  at  the  east,  and  after  each  subsi- 
dence advanced  seaward  once  more  upon  the  new  deltas.  Under 
such  conditions  the  thickness  of  coal  in  the  northeast  corner  of 
the  Appalachian  basin,  where  the  deltas  formed  rapidly,  should 
be  very  nauch  greater  than  in  any  other  portion,  and  therefore  the 
degree  of  conversion  should  be  greater  there  than  elsewhere. 
Comparisons  of  the  several  groups  of  the  coal  measures  show 
that  in  the  anthracite  strip  the  thickness  increases  northward 
slowly  until  beyond  the  southerly  prong  of  the  southern  anthra- 
cite fleld ;  but  that  the  increase  is  abrupt  at  that  point  and  soon 
becomes  very  great;  also  that  the  thickness  of  coal  decreases 
westwardly  as  the  distance  increases  from  the  anthracite  region. 
Comparison  of  analysis  shows  that  the  amount  of  volatile  matter 
decreases  toward  the  anthracite  region,  toward  the  region  of 
greatest  thickness  of  coal ;  and  that  the  decrease  is  gradual, 
even  in  the  anthracite  strip,  until  the  thickness  increases  abruptly. 
It  was  shown  that  the  decrease  in  volatile  material  has  no  rela- 
tion whatever  to  increase  or  decrease  of  disturbance  in  the  rocks : 
that  it  is  wholly  independent  of  the  general  composition  of  the 
associated  rocks :  that  it  is  not  due  to  the  influence  of  heat  as  a 
metamorphic  agent:  but  that  it  is  due  to  longer  exposure,  prior 
to  entombment,  to  conditions  favoring  the  escape  of  CH^. — 
Author^a  abstract,' 

Messrs.  Hall  and  Sardeson  classified  the  lower  formation  of 
Iowa,  Wisconsin  and  Minnesota,  from  studies  of  their  own  in 
the  field  and  of  the  fossils  discovered,  as  follows : 

Silurian, 

Saint  Peter  (=  Chazy). 
Shakopee  (Upper  Shakopee). 

Upper  Cambrian, 

New  Richmond  (Elevator  B  Sandstone). 

Oneonta  (Lower  Shakopee)  (=  Low.  Calcif.  of  N.  Y.) 

Jordan  Sandstone  (=  Madison  sort). 

Saint  Lawrence  dolomites  (=  Mendota  dolomites). 

Middle  Cambrian, 
Dresbach  Sandstone. 

They  found  a  Chazy  fauna  in  the  Saint  Peter;  in  the  Shakopee 
a  peculiar  fauna  which  they  were  unable  certainly  to  locate  in 
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the  Cambrian  or  Lower  Silurian ;  no  fossils  in  the  New  Richmond ; 
a  common  fauna  in  the  Oneonta,  Jordan  and  Saint  Lawrence  forma- 
tions. The  Oneonta  is  the  basal  member  of  the  Magnesian  of 
earlier  writers. 

The  paper  by  E.  H.  Williams  announced  the  discovery  of  a 
new  locality  of  extra-morainic  drift  at  South  Mountain  near 
Bethlehem,  Pennsylvania. 

A.  A.  Wright  reported  the  tracing  of  the  boundary  of  the 
moraine  in  New  Jersey  through  Riggleville,  Pattenburg  (White 
House),  Readington  to  Somerville. 

Prof.  G.  F.  Wright's  paper  on  the  Extra-Morainic  Drift  of 
New  Jersey  touched  upon  the  continuity  of  the  deposit  from  the 
moraine  to  the  extreme  border,  and  called  attention  to  the  need 
of  a  revised  interpretation  of  the  gravel  deposits  along  the  Dela- 
ware River.  Now  that  the  glacial  border  is  brought  down  seve- 
ral miles  below  the  mouth  of  the  Lehigh  River,  the  deposits  in 
both  rivers  above  tliat  point  heretofore  classed  with  the  Phila- 
delphia brick  clay  and  red  gravel  are  seen  to  be  connected  with 
the  presence  of  land  ice  and  must  be  so  interpreted.  Below  this 
point  the  gravel  will  not  bear  the  sharp  discrimination  which  has 
heretofore  been  given  it,  the  Columbia  and  the  Trenton  being 
practically  continuous. — Author*s  abstract. 

J.  W.  Spencer,  from  a  study  of  the  topography  of  the  bottom 
of  the  ocean  and  the  position  of  the  formation  abovfl  the  level  of 
the  sea,  in  the  regions  east  and  south  of  Florida,  concluded  that 
there  are  numerous  deep  transverse  canons  off  shore,  and  among 
the  islands  of  the  West  Indies  indicating  extensive  erosion  at  a 
time  when  the  whole  region  was  elevated,  2000  fathoms  or  more 
above  its  present  level.  His  opinion  was  that  the  elevation  oc- 
curred prior  to  the  close  of  the  Miocene,  and  that  between  the 
later  Miocene  and  the  present  time  there  was  a  downward  move- 
ment of  this  region. 

In  discussing  the  paper  W.  P.  Blake  referred  to  an  unpublished 
fact  that  there  are  across  Santo  Domingo  traces  of  coral  reefs 
along  sides  of  mountains  indicating  elevation  to  the  amount  of 
2000  feet  since  Post-Pliocene  began. 

In  the  paper  on  Evidences  of  the  derivation  of  the  Kames, 
Eskers,  and  Moraines  of  the  North  American  ice-sheet  chiefly 
from  its  englacial  drift,  by  Warren  Upham,  the  massive  kame 
hills  which  make  up  nearly  the  whole  of  the  terminal  moraine 
known  as  the  backbone  of  Long  Island  eastward  from  Roslyn 
were  shown  to  have  been  deposited  at  the  mouths  of  superglacial 
or  englacial  streams,  not  by  subglacial  drainage;  and  other  kames 
and  eskers  iu  New  York,  North  Dakota  and  Manitoba  were  de- 
scribed, whose  features  imply  their  similar  origin.  In  Minnesota 
and  North  Dakota  the  relationship  of  retreatal  moraines  to  Lake 
Aojassiz  indicates  likewise  their  englacial  derivation.  These 
examples  are  regarded  by  the  author  as  types  of  the  general 
manner  of  the  transportation  and  deposition  of  the  materials  of 
kames,  eskers,  and  moraines.     The  basal  currents  of  the  ice-sheet 
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on  the  central  and  greater  part  of  its  area  are  thought  to  have 
carried  much  drift  upward  from  the  ground  into  the  lower  fourth 
or  third  part  of  the  ice,  the  rate  of  its  ascent  being  perhaps  one 
or  two  degrees,  which  would  give  a  rise  of  90  or  180  feet  in  a 
mile.  During  the  final  melting  and  retreat  of  the  ice-sheet,  its 
large  volume  of  englacial  drift  was  deposited,  partly  as  ground 
moraine  or  subglacial  till  carried  down  by  descending  currents  in 
the  outer  part  of  the  ice  within  distances  estimated  to  range  from 
10  or  20  to  60  or  100  miles  back  from  the  ice  boundary.  Another 
large  part  of  the  englacial  drift  became  exposed  on  the  ice  sur- 
face by  its  ablation  and  fell  loosely  as  the  ice  melted  away,  form- 
ing the  upper  part  of  the  till ;  but  much  of  this  superglacial  drift 
was  washed  away  by  the  glacial  streams  and  deposited  as  the 
stratified  gravel,  sand,  and  clay,  called  modified  drift. 

In  a  second  paper  on  the  Succession  of  Pleistocene  formations 
in  the  Mississippi  and  Nelson  River  Basins,  the  Lafayette  forma- 
tion and  the  Saskatchewan  gravels  were  referred  to  fluvial  depo- 
sition during  an  epeirogenic  uplift  initiating  the  Pleistocene 
period  and  culminating  in  the  accumulation  of  the  continental 
ice-sheet.  The  till  and  marginal  moraines  record  the  maximum 
extent  and  stages  in  the  recession  of  the  ice.  Loess  and  other 
stratified  drift  deposits  were  mostly  laid  down  during  the  glacial 
recession,  being  supplied  from  englacial  drift,  as  likewise  were  the 
deltas  of  Lake  Agassiz  for  their  larger  part.  Depression  of  the  land 
during  the  Glacial  period  and  its  reelevalion  while  the  ice-sheet 
was  retreating  are  well  shown  by  the  loess,  the  beaches  of  Lake 
Agassiz,  and  marine  beds  about  Hudson  Bay.    (Author's  abstract.) 

N.  H.  Darton  in  his  paper  on  Cenozoic  History  of  Eastern 
Maryland  and  Virginia  "  gave  a  brief  account  of  the  topography 
and  structure  of  the  region,  and  of  the  salient  feature  of  the 
Oenozoic  members,  and  a  summary  of  the  history  of  a  series  of 
deposition  intervals  and  tiltings  in  the  general  Cenozoic  emerg- 
ence. The  principal  feature  of  the  paper  was  the  announce- 
ment of  the  discovery  of  an  erosion  interval  between  the  upper 
and  lower  Columbia  terraces  eastward  due  to  tilting  from  the 
northwestward  during  the  Columbia  uplift.  Off  to  the  east  and 
south  the  later  Columbia  lies  on  earlier  Columbia,  in  places  beau- 
tifully differentiated,  in  the  normal  sequence."  (Author's  abstract.) 

H.  F.  Reid  in  his  public  lecture  on  "  Glacier  Bay,  Alaska," 
said  that  Glacier  Bay  is  the  most  accessible  region  in  which  to 
see  large  tidewater  glaciers.  There  are  eight  glaciers  which  dis- 
charge bergs  into  its  waters.  The  largest  of  these  is  Muir  Gla- 
cier which  drains  an  area  of  about  800  square  miles.  It  is  mov- 
ing with  a  maximum  velocity  of  about  seven  feet  a  day,  and  is 
continually  discharii;ing  large  icebergs  from  its  end.  It  has 
extensive  gravel  deposits  which  present  many  interesting  features. 
Its  fluctuations  have  been  great  within  recent  times.  One  or  two 
hundred  years  ago  it  extended,  in  common  with  the  other  glaciers 
of  the  bay,  twenty  miles  below  its  present  ending ;  and  not  long 
before  that,  the  glaciers  were  so  small,  that  valleys  now  barren 
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and  bleak,  were  occapied  by  large  forests.  (Aathor's  abstract.) 
Mr.  Reid  afterwards  read  before  the  society  a  more  detailed 
account  of  the  gravels  which  are  exposed  in  thick  deposits  stand- 
ing as  abrupt  bluffs  on  the  sides  of  the  bays  beyond  the  present 
position  of  the  glacier  front. 

In  the  paper  by  Prof.  Wm.  P.  Blake  upon  "  Dislocation  in  the 
strata  of  the  Lead  and  Zinc  region  of  Wisconsin  and  their  rela- 
tions to  the  Mineral  deposits,  with  some  observations  upon  the 
origin  of  the  ores,"  attention  was  directed  to  the  observations  of 
Percival  in  that  field  and  their  correctness  as  regards  the  faulting 
and  also  to  a  direct  relation  of  the  faulted  areas  to  the  mineral 
deposits  as  shown  by  the  author's  examination  in  the  ShuUsburg 
region.  Reference  was  made  to  the  recent  paper  by  Prof. 
Jenney  upon  faults  in  the  lead  and  zinc  regions  of  Wisconsin  and 
Missouri  in  further  confirmation,  but  the  author  rejects  the  views 
of  both  Percival  and  Jenney  in  regard  to  the  upward  flow  of 
mineral  solutions  through  the  faults,  and  adopts  substantially  the 
views  of  Prof.  Whitney  and  of  Prof.  Chamberlin  upon  the  original 
deposition  of  the  sulphides  from  sea-water  in  the  mass  of  the 
rocks  and  their  subsequent  concentration  in  the  fissures  and 
crevices  by  a  downward  flow  of  the  solutions  due  to  oxidation; 
but  he  directs  attention  however  to  the  probable  influence  of  the 
dislocations  upon  the  localization  of  the  deposits;  first,  by  the 
possible  direct  outflow  of  freshwater,  or  by  gases  acting  as  pre- 
cipitants ;  and  second,  by  the  destruction  of  organisms  and  the 
accumulation  of  their  remains  near  the  faults.  He  also  directed 
attention  to  the  petroleum  shale,  a  thin  layer,  known  as  the  "  oil- 
rock  "  which  is  generally  the  floor  or  bed-rock  of  the  deposits  of 
blende,  and  upon  which  this  ore  usually  spreads  out  and  ends. 
This  petroleum,  or  the  gases  arising  from  it,  appear  to  have  had 
more  influence  in  determining  the  reprecipitation  of  the  sulphides 
than  has  hitherto  been  recognized.  The  fact  that  the  lead  and 
zinc  region  is  coincident  in  area  with  the  "driftless  area  "  is  re- 
garded as  good  evidence  of  the  source  of  the  metallic  solutions 
in  the  mass  of  the  rocks  which  have  decayed  by  oxidation  and 
long  exposure  to  the  elements  and  have  supplied  metallic  solu- 
tions, which  have  been  reprecipitated  at  lower  levels.  In  conclu- 
sion, attention  was  directed  to  the  world-wide  distribution  of  the 
ores  of  lead  and  zinc  in  the  older  limestones  and  dolomites  as 
evidence  of  peculiar  chemical  conditions  favoring  the  precipitation 
of  the  ores  of  these  metals  from  sea-water,    (Author's  abstract.) 

The  winter  meeting  of  the  Society  will  be  held  in  Boston, 
Mass.,  beginning  December  27,  1893,  at  the  rooms  of  the  Boston 
Society  ot  Natural  History.  Detailed  information  regarding  the 
meeting  will  be  sent  by  the  Secretary  in  due  time.         h.  s.  w. 

2.  Geological  Congress  at  Chicago, — At  the  World's  Congress 
on  Geology  held  in  the  Memorial  Art  Palace,  Chicago,  August 
24th,  25th,  and  26th,  the  following  papers  were  read  and  discus- 
sions were  held. 

On  Thursday,  August  24th  : 
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0.  X,  Derby,  of  Brazil:  The  general  geology  of  Brazil. 

Adolph  Brnst,  of  Venezuela:  The  general  geology  of  Venezuela. 

Hen'ry  Hicks,  of  England:  Pre-Gambrian  rocks  of  Wales. 

Henry  M.  Ami,  Canada:  The  classification  of  the  rock  formations  of  Canada, 
with  special  reference  to  the  Paleozoic  era. 

A.  0.  Lawson:  The  Cordilleran  Mesozoic  revolution. 

C.  "W.  Hall  :  The  Pre-Paleozoic  floor  in  the  Northwestern  States. 

George  H.  Williams:  Distribution  of  Pre-Cambrian  volcanic  rocks  along  the 
eastern  border  of  the  United  States  and  Canada. 

After  discussion  of  the  above  papers,  the  special  discussion  for 
the  day  was  upon  the  question,  '*  Are  there  any  natural  geological 
divisions  of  world-wide  extent  ?" 

On  Friday,  August  25  : 

A.  R.  C.  Selwyn,  of  Canada :  Huronian  versus  Algonkian. 
Alfrrd  Harkeei,  England:    On  the  migration  of  material  during  the  meta- 
morphism  of  rock  masses 

Warren  Upham:  Wave-like  progress  of  an  Bpeirogenic  uplift. 

O.  A.  Derby,  of  Brazil :  Eruptive  phenomena  of  Brazil. 

W.  J.  McGee  :  Genetic  classification  of  Geology. 

George  F.  Kunz  :  Precious  stones  and  their  geological  occurrence. 

C.  R.  Van  Hise  :  The  extent  and  lapse  of  time  represented  by  unconformities. 

Lester  F.  Ward  :  The  Phylogeny  of  plants. 

0.  Jaekbl,  of  Germany :  The  Phylogeny  of  the  classes  of  vertebrates. 

S.  W.  WiLLiSTON :  Restoration  of  Clidastes  (illustrated). 

After  the  reading  of  the  papers,  the  question  for  the  special 
discussion  of  the  day  was,  *'  What  are  the  principles  and  criteria 
to  be  observed  in  the  restoration  of  ancient  geographic  outlines  ? 

On  Saturday,  August  26  : 

James  Geieie  :  Glacial  succession  in  the  British  Isles  and  Northern  Europe. 
Hjalmar  Lundbohm,  of  Sweden :  Glacial  succession  in  Sweden. 
Robert  Bell,  of  Canada:  The  succession  of  the  Glacial  deposits  of  Canada. 
T.  0.  Chamberlin  :  Glacial  succession  io  the  United  States. 
Wabren  Upham  :  Pleistocene  climatic  changes. 

Frank  Leverbtt:  Evidences  of  the  diversity  of  the  older  drift  in  northwestern 
Illinois. 

The  special  discussion  for  the  day  was  upon  the  question, 
**  What  are  the  principles  and  criteria  to  be  observed  in  the  corre- 
lation of  Glacial  formations  in  opposite  hemispheres  ? 

H.  s.  w. 

3.  Geological  Time, — Prof.  C.  D.  Walcott,  in  his  address  before 
the  Geological  Section  of  the  American  Association  on  "  Geological 
Time  as  indicated  by  the  Sedimentary  Kocks  of  North  America," 
gave  the  following  estimates  of  the  length  of  time  required  for 
the  formation  of  the  grander  divisions  of  sedimentary  rocks. 

For  the  Cenozoic,  including  Pleistocene,  2,900,000  years ; 
the  Mesozoic,  7,240,000  years;  the  Paleozoic,  17,500,000;  the 
Algonkian,  17,500,000;  the  Archaean  ? 

4.  Annual  Report^  for    1892,  on  the   Geological  Survey   of 
Texas,  under  E.  T.  Dumble. — The  following  parts  of  this  fourth 
Annual  Report  of  the  Texas   Geological  Survey  have   recently 
been  issued. 

(1)  A  preliminary  report  on  the  Vertebrate  Paleontology  of  the 
Llano  Estacado  by  E.  D.  Copb.      88  pp.  8vo,  with  23  plates. 
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MsLj^  1893.  The  vertebrate  fossils  described  and  figured  are 
from  the  Dockum  Terrane  of  the  Triassic,  the  Loup  Fork  beds, 
the  Blanco  beds,  and  the  Equus  beds.  They  represent  nearly 
fifty  species. 

(2)  Preliminary  Reports  on  the  Artesian  Wells  of  the  Gulf 
coastal  slope,  by  I.  A.  Singley;  and  on  the  organic  remains 
from  the  deep  well  at  Galveston,  by  Gilbert  D.  Habris.  34  pp. 
June,  1893.  The  Galveston  well  is  that  which  is  the  subject  of 
the  paper  at  page  38  of  this  volume. 

(3)  A  contribution  to  the  Invertebrate  Paleontology  of  the 
Texas  Cretaceous,  by  F.  W.  Cragin.     106  pp.,  with  13  plates. 

(4)  Report  on  (i rimes,  Brazos,  and  Robertson  Counties,  by  W. 
Kennedy.     84  pp.,  with  sections.     June,  1893. 

(5)  Report  on  the  Rocks  of  Trans-Pecos  Texas,  by  A.  Osann  ; 
and  on  the  Geology  of  Trans-Pecos  Texas,  by  W.  H.  Stkeeru- 
wirtz.    54  pp.    July,  1893. 

5.  Geological  Survey  of  New  Jersey,  Gasteropoda  and  Cepha- 
lopoda of  the  Baritan  Clays  and  Grreensand  Marls  of  New 
Jersey^  by  R.  P.  Whitfield.  402  pp.  4to,  with  60  plates.  Tren- 
ton, N.  J.,  1892.— The  first  part  of  Mr.  Whitfield's  very  valuable 
Report  on  the  Cretaceous  and  Tertiary  fossils  of  New  Jersey, 
treating  of  the  Lamellibranchiata,  is  now  followed  by  a  second 
part,  of  like  importance  and  excellence.  These  volumes  are  ix 
and  xviii  in  the  quarto  publications  of  the  TJ.  S.  Geological 
Survey. 

6.  Annual  Report  of  the  Director  of  the  U,  S,  Geological  Sur- 
vey, vol.  XL  Part  1,  Geology,  760  pp.  roy.  8vo;  Part  2,  Irri- 
gation, 396  pp. ;  each  with  maps  and  other  illustrations. — The 
memoirs  included  in  Part  1,  are  the  following:  "The  Pliocene 
History  of  northwestern  Iowa,  by  W.  J.  McGee,  occupying  380 
pages — which  has  already  been  noticed  in  this  Journal;  and  the 
Natural  Gas  field  of  Indiana  by  A.  J.  Phinney,  126  pp.,  with  an 
introduction  of  28  pp.  by  W.  J.  McGee. 

7.  The  following  Bulletins  and  quarto  Memoirs  of  the  United 
States  Geological  Survey  have  been  recently  issued : — 

Bulletin  No.  86.  Correlation  Papers :  The  Newark  System,  by 
I.  C.  Russell.     344  pp.,  8vo,  with  maps. 

No.  86.  Correlation  Papers :  Archean  and  Algonkian,  by  C.  R. 
Van  Hise.     649  pp.,  with  maps. 

No.  90.  Report  of  work  done  in  the  division  of  Chemistry  and 
Physics,  mainly  during  the  fiscal  year,  1890-91,  by  F.  W.  Clarke. 

15  pp. 

No.  91.  Record  of  North  American  Geology  for  1890,  byN. 
H.  Darton.     88  pp. 

No.  92.  The  compressibility  of  Liquids,  by  Carl  Babus. 
96  pp.,  with  plates. 

No.  93.  Some  Insects  from  Florissant,  Colorado,  and  from  other 
points  in  the  Tertiarics  of  Colorado  and  Utah,  by  S.  H.  Scuddbb. 
36  pp.,  with  plates. 
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No.  94.  The  mechaDism  of  solid  Viscosity,  by  Carl  Babus. 
138  pp.,  with  figures. 

No.  95.  Earthquakes  in  California  in  1890  and  1891,  by  E.  S. 
HoLDEN.     29  pp. 

No.  96.  The  Volume  Thermodynamics  of  Liquids,  by  Carl 
Barus.     100  pp.,  with  plates. 

Memoir  Vol.  XVII.  The  Flora  of  the  Dakota  Group,  a  pos- 
thumous work  by  Leo  Lesquereux,  edited  by  H.  H.  Knowlton. 
400  pp.  4to,  with  66  plates. 

8.  The  Seiamoloyical  Journal  of  Japan:  edited  by  John 
Milne,  F.S.S.  Vol.  I,  1893. — This  Journal  succeeds  to  the  pub- 
lications of  the  Seismological  Society,  this  society  having  ceased 
to  exist.  This  volume  corresponds  to  vol.  xvii  of  its  Transactions. 
As  Japan  is  extraordinary  as  regards  frequency  of  earthquakes, 
and  also  their  violence,  its  Seismological  Observatory  and  700 
outside  stations  are  capable  of  more  thorough  investigation  in 
this  department  than  is  elsewhere  possible.  The  work  already 
done  has  produced,  for  future  investigators,  new  seismographs 
giving  absolute  measurements  of  earth-motions,  and  has  led  to  the 
application  of  principles  for  the  mitigation  of  the  effects  of  earth- 
quakes on  buildings,  besides  advancing  seismological  science  in 
other  ways.  This  volume  of  150  pages  contains  various  papers  of 
value  by  Mr.  Milne,  and  others  by  Prof.  W.  K.  Burton,  and  F. 
Omori. 

9.  BulUitin  of  the  Geological  Institution  of  the  University  of 
Upsala,  edited  by  Hj.  Sjogren.  No.  1,  Vol.  1,  Upsala,  1893. 
95  pp.  with  5  plates. — This  new  publication,  of  which  the  first 
number  has  recently  appeared,  is  designed  as  a  medium  for  the 
issue  of  original  investigations  made  at  the  University  of  Upsala. 
The  leading  and  longest  article  (pp.  1-64)  is  entitled  Contribu- 
tions to  Swedish  iMineralogy  by  Hj.  Sjogren  and  contains  the  re- 
sults of  his  observaiions  upon  the  species  of  the  humite  group 
from  Sweden,  also  on  svabite,  adelito,  etc.  Other  ailicles,  chiefly 
geological,  are  by  Wiman,  O.  Nordenskiold,  Anderson,  etc. 

10.  IVait&  defi  Gttes  Mineraux  et  Metallifhres  ;  recherche^  Hude 
et  conditions  d"^ exploitation  des  mineraux  utiles^  description  des 
principales  mines  connues,  usages  et  statistique  des  Metaux, 
Cours  de  Geologic  Appliqu6e  de  I'ficole  sup^rieure  des  Mines; 
par  Ed.  Fuchs,  Ingenieur  en  chef  des  Mines,  Professeur  a  I'Ecole 
sup^rieure  des  Mines,  et  L.  DeLaunay,  Ingenieur  au  Corps  des 
Mines,  Professeur  h,  I'Ecole  superieure  des  Mines.  Paris,  1893 
(Baudry  et  C^*).  Large  8vo,  vol.  i,  823,  pp.,  vol.  ii,  1015  pp. 
with  many  maps  and  illustrations. — This  treatise  of  over  1800 
octavo  pages,  on  useful  minerals  and  ores,  their  distribution, 
modes  of  occurrence,  methods  of  origin,  and  the  industrial  sub- 
jects connected  with  them  and  their  exploration,  is  an  admirable 
work.  After  an  introduction  of  110  pages,  consisting  of  an 
alphabetic  list  of  localities,  a  table  giving  the  geographical  dis- 
tribution of  localities  over  the  globe,  and  tables  for  the  conver- 
sion   of  French  and  foreign  weights  and   measures  and  coins, 
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the  treatise  jcommences  with  Carbon^  under  which,  the  subject  of 
the  Diamond  covers  near  50  pages ;  and  then  follow,  with  fall 
details,  the  subjects  of  natural  gas,  petroleum,  bitumen  and 
other  hydrocarbons,  carrying  the  work  to  the  220th  page.  Like 
fulness  as  to  details  characterizes  the  whole  work.  Besides 
descriptions,  the  work  contains  a  large  number  of  maps  of  the 
mineral  regions,  several  of  them  giving  the  geological  forma- 
tions ;  and  among  these  there  is  a  colored  geological  map  of  the 
United  States  (from  Hitchcock's),  a  map  of  the  petroleum  region 
of  western  Pennsylvania,  one  of  the  Comstock  and  another  of  the 
Eureka  region  in  Nevada,  another  of  the  Leadville  region,  each 
of  these,  large  and  fine  detailed  maps,  with  sections  and  plans  of 
workings.  In  like  manner  the  various  localities  of  mines  and 
useful  minerals  of  other  countries  are  illustrated.  ^  The  work  was 
prepared  for  the  course  of  applied  geology  \t  the  Ecole  des  Mines, 
at  Paris,  instituted  in  1879  by  Prof.  Fuchs;  and  it  is  well  adapted 
for  use  in  such  courses  elsewhere. 

1 1.  T/i^  Gtacialists^  Magazine :  A  Monthly  Magazine  of  Glacial 
Geology^  embodying  the  Proceedings  of  the  Glacialists*  Associa- 
tion, £dited  by  Percy  F.  Kendall,  F.G.S.  and  Secretary  of 
the  British  Association  Committee  on  Erratic  blocks ;  assisted  by 
Warren  Upham,  C.  E.  DeRance,  President  of  the  Glacialists' 
Association,  and  J.  Lomas,  A.R.C.S. — This  first  number  of  the 
Glacialists'  Magazine,  covering  30  pages,  contains,  besides  vari- 
ous notes  on  Glacial  subjects,  the  Presidential  Address  of  the 
Glacialists'  Association,  C.  E.  DeRance,  and  a  discriminating 
review  of  Howorth's  "  Glacial  nightmare  and  the  Flood."  The 
magazine,  as  its  editorial  corps  indicates,  will  be  a  valuable 
Journal  for  the  American  as  well  as  European  side  of  the  Atlantic 

12.  Mount  Jjoa,  Hawaii, — An  ascent  of  Mt.  Loa  was  made  by 
Rev.  E.  P.  Baker  on  the  24th  of  June  last.  At  the  summit,  the 
only  action  to  be  seen  in  the  summit  crater  was  the  escape  of 
vapor,  great  volumes  of  which  arose  from  the  central  area,  the 
same  from  which  it  issued  from  1885  to  the  time  of  the  eruption 
in  1887.  At  the  time  of  his  visit  to  the  crater  in  February  1887, 
and  again  in  1888,  there  was  a  small  crater  in  the  floor  of  the 
great  central  crater  near  its  southwest  corner.  This  small  crater 
was  in  existence  in  1889,  when  the  crater  was  visited  by  Mr. 
Thurston.  But  nothing  was  now  to  be  seen  of  it;  lavas  had  filled 
it,  making  the  floor  continuous  over  the  place.  Its  outline  only 
was  partially  distinct  at  two  or  three  points  in  its  circumference. 
— Letter  from  Mr,  Baker ^  dated  Hilo^  July  5,  1893.  According 
to  an  earlier  letter  from  Mr.  Baker,  on  November  30  and  Decem- 
ber 1  and  2  of  1892,  a  light  was  seen  at  the  top  of  the  mountain 
from  below,  indicating  the  presence  in  the  bottom  of  the  crater, 
as  his  letter  states,  of  molten  lava ;  and  this  may  have  been  the 
time  of  the  occurrence  mentioned  above. 

13.  Brief  notices  of  some  receiitly  described  Minerals, — Neptu- 
NiTE  and  Epididymite  are  two  new  species  described  by  G. 
Flink  from  the  neighborhood  of  Julianehaab  on  the  Kangerdluai*suk 
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in  Greenland.  They  occur  w^ith  ffigirite,  arfvedsonite,  eudialyte, 
etc.,  the  association  being  similar  to  that  of  Langesuud  in  iNor- 
way. 

Neptunite  oconrs  in  short  prismatic  crystals,  belonging  to  the 
monoclinic  system,  and  shows  perfect  cleavage  parallel  to  the 
fundamental  prism  of  99®  46'.  The  hardness  is  between  5  and  6 
and  the  specific  gravity  3*234.  The  color  is  black,  bat  deep  red- 
brown  in  very  slender  crystals.     An  analysis  gave  : 

SiO,  TiOa  FeO  MdO  MgO  KaO  NaaO 

51-53         18-13         10-91         4-97         049         4-88         9-26=100-69 

For  this  the  formula  proposed  is  : 

(iNa.  +  K.)Si,0,  +  (f  Fe  +  iMn)TiO,. 

Epididymites  as  is  suggested  in  the  name,  is  near  the  eudidy- 
mite  of  Br5gger  and  is  regarded  as  a  dimorphous  form  of  the 
same  compound.  It  is  found  m  orthorhombic  crystals  prismatic 
in  the  direction  of  the  macrodiagonal,  and  pseudohexagonal  in 
angle,  which  character  is  also  shown  in  its  twinning.  The 
angles  and  axial  ratio  are  not  far  from  those  of  eudidymite, 
which,  however,  has  been  referred  to  the  monoclinic  system. 
The  composition  is  the  same,  namely:  HNaBeSi^Og.  An  anal- 
ysis gave  : 

SiOa  BeO  NaaO  HaO 

Sp.  Grav.  =  2-548         73*74         10-56  12-88         3-73  =  100-91 

—  OeoL  Mr,  Fdrh.,  xv,  195,  1893. 

14.  Hautefeuillite  is  a  hydrated  phosphate  of  magnesia  and 
lime  from  the  apatite  mines  of  Barale,  Norway,  described  by  L. 
Michel.  It  occurs  in  lamellar  masses  having  a  radiated  structure 
and  made  up  of  minute  monoclinic  crystals  elongated  vertically 
and  flattened  parallel  to  the  clinopinacoid.  The  hardness  is  2*5, 
the  sp.  gravity  2*435  and  it  is  colorless  and  transparent.  The 
analysis  gave: 

PaOft  MgO  OaO  HaO 

34*52  2512  5*71  34*27  =  99*62 

This  corresponds  to  the  formula  (Mg,Ca),P30^-h8H20,  which 
brings  it  near  bobierrite.  The  name  is  given  in  honor  of  M. 
Hautefeuille. — BulL  Soc,  Minn.y  xvi,  38,  1893. 

15.  Melanostibian  is  an  imperfectly  investigated  mineral  from 
the  manganese  mine,  Sjogrufvan,  in  Orebro,  Sweden ;  it  is  de- 
scribed by  L.  J.  Igelstrom.  It  occurs  in  massive  form  either 
\«ith  foliated  structure  forming  thin  veins,  or  in  microscopic  crys- 
tals for  which  the  tetragonal  or  orthorhombic  system  is  suggested. 
The  hardness  is  4,  the  color  black,  and  it  is  opaque  with  metallic 
luster.  An  analysis  (assuming  the  iron  and  manganese  present 
as  protoxides  and  the  antimony  as  Sb^O,)  gave : 

SbaO,  FeO  MnO  CaO  MgO  HaO 

37-50         27-30         29-02  1*97  1*03  l-06  =  98*48 

— Zeitschr,  /.  KrysL,  xxi,  246,  1893. 
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16.  Snow  Crystals, — A  recent  paper  by  G.  Nordenskidld  gives 
the  preliminary  results  of  an  investigation  in  the  winter  of 
1892-93  of  the  forms  of  snow  crystals.  The  discussion  of  gen- 
eral conclusions  is  deferred  for  a  later  article,  but  the  results  as 
given  show  a  much  higher  degree  of  complex  character  than  has 
ordinarily  been  assumed.  The  crystals  are  divided  into  two 
groups  according  as  the  development  is  in  the  direction  of  the 
vertical  axis  or  tabular,  and  several  varieties  are  noted  under  each. 
The  paper  is  illustrated  by  20  excellent  photo- plates  showing 
many  types  of  forms ;  most  of  the  crystals  are  magni6ed  several 
diameters.— 6reo/.  Fdr,  Mr/i.^xy,  146*  1893,  and  JBuU.  Soc.  Hin,, 
xvi,  59. 

1 7.  Repertorium  der  mineralogischen  und  krystaUographischen 
Literatur  von  Anfang  d,  J,  1885,  bis  An  fang  d.  J.  1891; 
und  Generalregister  der  Zeitschrift  fiXr  JKryataUographie  und 
Mineralogie,  Band  xi-xx.  Herausgegeben  und  bearbeitet  von 
P.  Groth  und  F.  Grunling.  II  Theil.  287  pp.  8vo.  Leipzig, 
1893  (W.  Engelmann). — The  second  part  of  this  important  work 

} see  this  Journal,  May,  1893,  p.  442)  has  recently  been  issued, 
t  contains  the  topical  index  by  Dr.  Grtlnling  to  volumes  xi  to 
XX  of  Groth's  Zeitschrift  ftlr  Krystallographie  und  Mineralogie. 


III.  Miscellaneous  Scientific  Intelligence. 

1.  American  Association  for  the  Advancement  of  Science. — 
The  forty-second  meeting  of  the  American  Association  was  held 
at  Madison,  Wisconsin,  from  the  16th  to  the  22d  of  August; 
about  three  hundred  members  registered.  The  President  of 
the  meeting  was  Prof.  William  Harkness  of  Washington.  The 
Vice-Presidents,  with  the  subjects  of  the  addresses  delivered  by 
them  before  their  respective  sections,  are  as  follows  : 

A,  Mathematics   and  Astronomy— C.  L.   Doolittle,   of  South 

Bethlehem,  Pa.,  on  Variations  of  Latitude. 

B,  Physics — E.  L.  Nichols,  of  Ithaca,  N.  Y.,  on  Phenomena  of 

the  Time  Infinitesimal. 

C,  Chemistry — Edward  Hart,  of  Easton,  Pa.,  on  Twenty-five 

Years'  Progress  in  Analytical  Chemistry. 

D,  Mechanical  Science  and  Enginebbing — S.  W.  Robinson, 

of  Columbus,  Ohio,  on   Recent  Advances  in   Mechanical 
Science. 

E,  Geology  and  Geography — Chas.  D.  Walcott,  of  Washing- 

ton, D.  C,  on  Geologic  Time  as  Indicated  by  the  Sedimen- 
tary Rocks  of  North  America. 

F,  Zoology — Henry  F.  Osborn,  of  New  York,  N.  Y.,  on  The 

Rise  of  the  Mammalia. 

G,  Botany — Charles  E.  Bessey,  of  Lincoln,  Neb.,  on  Evolution 

and  Classification. 
H,  Anthropology — J.  Owen  Dorsey,  of  Tacoma  Park,  Md.,  on 
the  Biloxi  Indians  of  Louisiana. 
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I,  Economic  Science  and  Statistics — William  H.  Brewer,  ot 
New  Haven,  Conn.,  on  The  Mutual  Relations  of  Science 
and  Stock  Breeding. 

The  address  of  the  retiring  President,  Professor  Joseph  LeConte 
of  Berkeley,  California,  upon  the  Origin  of  Mountains,  was  deliv- 
ered Thursday  evening,  August  1 7th. 

Saturday  was  devoted  to  excursions  to  several  points  in  the 
vicinity  of  Madison,  no  long  excursions  being  undertaken  be- 
cause of  the  Scientific  Congresses  at  Chicago,  which  followed  the 
Association. 

Upon  the  recommendation  of  the  Geological  Section,  a  stand- 
ing committee  on  recording  and  classifying  fossil  faunas  and 
floras  was  appointed  by  the  Association,  consisting  of  Henry  S. 
Williams  (chairman),  Henry  F.  Osborn  (secretary^,  Chas.  D. 
Walcott,  Saml.  H.  Scudder  and  Arthur  Hollick,  with  power  to 
add  to  their  number. 

The  Association  elected,  as  its  president  for  the  next  meeting, 
the  anthropologist,  Dr.  D.  G.  Brinton,  of  Media,  Pa. ;  and  as 
officers  of  Section  E,  Prof.  Samuel  Calvin,  of  Iowa  City,  Iowa, 
vice-president,  and  Prof.  W.  M.  Davis,  of  Cambridge,  Mass., 
Secretaiy.  The  meeting  will  be  held  in  August,  1894  ;  and  it  is 
understood  that  its  place,  though  not  decided  upon,  will  be  some 
city  in  the  Eastern  States. 

List  of  papers  accepted  for  reading. 

Section  A.     Mathematics  and  Astronomy. 

Fkank  H.  Loqd:  A  construction  for  the  imaginary  points  and  branches  of 
algebraic  loci. 

Alex.  S.  Christie:  Upon  the  latitude  variation  tide. 

B.  W.  Hyde:  The  screw  as  a  unit  in  a  Grassmannian  system  of  the  sixth 
order. 

Alex.  Magfablane:  Applications  of  the  generalized  logarithmic  theorem. 
L.  E.  Dickson  :  On  the  inscriptions  on  regular  polygons. 

C.  L.  Doolittle:  Latitude  determination  at  Bethlehem,  1892-93. 

Geo.  C.  Comstock:  A  determination  of  the  constant  of  aberration  by  a  modi- 
fied form  of  the  Loewy  method. 

Mansfield  Merriman  :  On  the  possibility  of  the  algebraic  solution  of  the  gen- 
eral equation  of  the  fifth  degree. 

S.  S.  Laws:  Space. 

Section  B.     Physics. 

B.  W.  MoRLBY  and  Wm.  A  Rogers:  Application  of  interferential  methods 
lo  measurements  of  expansion  of  long  bars. 

W.  A.  Rogers:  A  preliminary  study  of  the  constants  of  the  Morley  inter- 
ferential comparator.  On  the  effect  of  evaporation  upon  the  relative  dimensions 
of  bars  of  metal  partially  submerged  in  water. 

Alexander  Macparlane:  On  physical  addition  or  composition. 

G.  S.  Moler:  Some  rapid  changes  of  potential  studied  by  means  of  a  curve- 
writing  voltmeter. 

E.  L.  Nichols:  Some  applications  of  electric  heating  in  physical  laboratory 
practice.     Note  on  the  surface  tension  of  liquids. 

B.  L.  Nichols  and  G  S.  Moi.er  :  An  apparatus  for  the  generation  of  oxygen 
and  hydrogen  by  electrolysis. 

Ervin  I:?.  Ferby  :  Note  on  the  use  of  a  rotating  disk  in  photometry. 
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F.  Bedell,  K.  B.  Miller  and  W.  F.  Waghxr:  Irregularities  in  alternate 
current  curves. 

Frederick  Bedell  :  Experiments  with  an  alternate  current  condenser. 
J.  0   Thompson:   On  the  elasticity  of  metals.    Fatig^  in  the  elasticity  of 
stretching. 

A.  Macfarlane  and  G.  W.  Pierce:  The  elastic  strength  of  solid,  liquid  and 
gaseous  dielectrics. 

W.  8.  Franklin  and  L.  B.  Spinket  :  Elastic  properties  of  glass. 
W.  LeContb  Steykns:  On  so-called  negative  lightning. 
E.  W.  Mokley;  An  automatic  Toepler  pump. 

John  S.  Shearer  :  The  effect  of  temperature  and  of  electric  driving  on  the 
period  of  tuning  forks. 

B.  W.  Snow  :  On  the  continuous  spectrum  of  the  alkalies. 
John  Daniel  :  Klectroljtic  polarization. 

Section  C.     Chemistry, 

E.  W.  MoRLET:  On  the  atomic  weight  of  oxygen. 

W.  E.  Stone  :  The  acetyl  and  benzoyl  derivatives  of  the  pentoses. 

W.  E.  Stone  and  H.  N.  McCoy:  The  electrolytic  oxidation  of  glycerol 

W.  R.  Okndorff  and  John  White:  The  constitution  of  paraldehyde  and 
metaldehyde. 

W.  A.  NoYES:  On  the  nitrites  of  some  amines.  Natural  gas  from  New  Lisbon, 
Ohio. 

P.  C.  Freer  :  The  action  of  sodium  on  acalone. 

P.  W.  Shimer  and  S.  E.  Riefsnydpr:  Some  experiments  on  sampling  by 
quartation. 

L.  Kahlenburg  and  H.  W.  Hillyer:  Solubility  of  lead  oxide  in  the  normal 
tartrates  and  other  organic  salts  with  observations  on  the  rotary  power  of  the 
solutions  thus  obtained. 

T.  B.  Stillman:  The  analysis  of  lubricating  oils  containing  "blown"  rape- 
seed  and  ''  blown  "  cotton-seed  oils. 

6.  B.  Frankforter:  Naroeine,  a  new  formula  and  new  derivatives.  The 
structural  formula  for  narceine  and  its  synthesis  form  narcotine  pseudo-norceine. 

E.  Goldsmith  :  A  tempered  steel  meteorite. 

W.  L.  Dudley:  The  action  of  gaseous  hydrochloric  acid  and  oxygen  on  the 
platinum  metals.  The  electro-deposition  of  iridium:  a  method  of  maintaining  the 
uniform  composition  of  an  electroplating  bath  without  the  use  of  an  anode. 

E.  0.  Smith  :  On  the  occurrence  and  distribution  of  nitrogen  in  deep  artesian 
wells  of  the  Mississippi  Basin. 

E.  H.  S.  Bailey  and  E.  0.  Franklin:  The  advantages  of  extended  exami- 
nations of  river  waters. 

G.  Hinrichs:  On  the  systematic  errors  affecting  all  the  atomic  weights  of 
stars.     On  a  review  of  atomechanics. 

L.  Andrews:  An  unusual  form  of  calcium  glycerate. 

Section  D.     Mechanical  Science  and  Engineenng. 

S.  W.  Robinson  :  Improved  form  of  transmission  dynamometer. 

J.  Burkitt  Webb:  Economical  compression  ia  a  steam  engine. 

D.  S.  Jacobs  :  Kxperimental  determination  of  the  quickness  of  action  of  a 
shaft  governor.  Tests  of  automatic  fire  sprinklers.  An  accurate  method  of 
measuring  heavy  liquid  pressure. 

C.  Wellman  Parks:  A  mechanical  index. 

HuPFEL,  Griswold  and  Kennedy:  Test  of  plant  of  the  Hygeia  Ice  Compaav 
of  New  York  City. 

Wm.  a.  Rogers:  On  the  changes  in  the  dimensions  of  metals  which  maybe 
due  to  changes  in  molecular  structure  depending  on  their  age. 

Section  E.     Geology  and  Geography. 

H.  F.  Reid:  Gravels  of  Glacier  Bay,  Alaska,  with  lantero  illustrations. 
John  J.  Stevenson  :  Use  of  the  name  *'  Catskill." 
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J.  A.  Holmes:  Section  across  the  ooastal  plain  region  in  soatheru  North 
Carolina. 

William  Hallock:  Notes  on  further  observations  of  temperature  in  the  deep 
well  at  Wheeling,  W.  Va. 

Arthur  Uolliok  :  Recent  investigations  in  the  Cretaceous  formation  on  Long 
Island,  N.  Y.  Northward  extension  of  the  yellow  gravel  in  New  Jersey,  Staten 
Island,  Long  Island  and  eastward. 

C.  R  Van  Hisb:   Character  of  folds  in  the  Marquette  iroD  district. 

E.  W.  Clatpole  :   The  fossil  sharks  of  Ohio. 
Horatio  P.  Parmelee:    Hillsdale  county  geology. 

Chas.  D.  Walcott:    Kxhibition  of  tribolites  showing  antenns&  and  legs. 

Joseph  F.  James:  Remarks  on  genus  Arthrophycas  Hall.  On  the  value  of 
pseudo-algse  as  geological  glides.  Studies  in  problematic  organisms.  The  g^ous 
Fvtcoides. 

T.  C.  Chamberlin:  Some  questions  respecting  glacial  phenomena  about 
Madison. 

D.  F.  Lincoln  :  Amount  of  glacial  erosion  in  the  Finger  Lake  region  of  New 
York. 

F.  P.  Gulliver  :   Ice-sheet  oo  Xewtonville  Sandplain. 

G.  Frederick  Wright  :  Additional  facts  bearing  on  the  question  of  the  unity 
of  the  Glacial  Period. 

Frank  Leverett:   Changes  of  drainage  in  Rock  River  basin  in  Illinois. 

W.  J.  MoGee:  Graphic  comparison  of  post-Columbia  and  post-Lafayette 
erosion. 

R.  D.  Salisbury:  An  illustration  of  the  effect  of  stagnant  ice  in  Sussex  Co., 
N.  J.     A  phase  of  superficial  drift 

Warren  Upham:   Tertiary  and  Quaternary  stream  erosion  of  North  America. 

T.  C.  Hopkins:   The  emergence  of  springs. 

Section  F.    Zoology.. 

C.  y.  Eilet  :  Notes  on  Aspidiotus  pemiciosus.  Erastria  scitula,  a  valuable 
insect  to  introduce  into  America.    Sphida  a  myth. 

J.  £.  Smith  :  Seat  of  life  in  the  house  fly. 

S.  H.  Gage  :   The  respiratory  mechanism  in  the  lamprey. 

L.  0.  Howard  :    The  correlation  of  structure  and  host-habit  in  the  Encyrtinae. 

H.  F.  Osborn  :   The  mammals  of  upper  Cretaceous. 

Theobald  Smith  :  The  production  of  races  and  varieties  of  bacteria  in  mixed 
cultures.    A  new  sporozoon  in  the  intestinal  villi  of  cattle. 

H.  G.  Hubbard  :   The  insect  guests  of  the  Florida  land  tortoise. 

W.  S.  Miller  :  A  comparative  study  of  the  lung,  with  special  reference  to 
the  communication  of  one  air-sac  with  another. 

J.  H.  Pillsbury  :  Some  new  revelations  regarding  color  sense  in  the  human 
retina.     On  a  new  apparatus  for  measuring  the  strength  of  color  sense. 

Section  G.     Botany. 

G.  F.  Atkinson  :  Photography  as  an  instrument  for  recording  ihe  microscopic 
characters  of  micro-organisms  iu  artificial  cultures.  Symbiosis  in  the  roots  of 
Ophioglossese.  Comparative  study  of  the  structure  and  junction  of  the  sporangia 
of  ferns  in  the  dispersion  of  spores. 

B.  T.  Galloway:  Observations  on  a  rust  affecting  the  leaves  of  the  Jersey  or 
Scrub  Pine.     Results  of  some  recent  work  on  rust  of  wheat 

"W.  J.  Beal  :    Prophylla  of  Graminese 

J.  Christian  Bay  :  A  new  injection  needle  for  the  study  of  lower  plants.  The 
bibliography  of  American  botanical  literature. 

C.  R.  Barnes:    On  the  food  of  green  plants 

Byron  D.  Halsted:  The  Solandi  printing  applied  to  botanical  work.  The 
shrinkage  of  leaves  in  drying. 

N.  L.  Britton  :  Present  aspects  of  the  nomenclature  question.  A  considera- 
tion of  a  species  based  upon  a  theory  of  evolution. 

T.  A.  Williams:    Lichens  of  the  Black  Hills. 
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D.  H.  Campbell  :   Notes  on  the  developmeot  of  Marattia  Douglasii. 
John  G.  Jack:   The  fructification  of  J uniperus. 

M.  B.  Thomas  :    The  roots  of  orchids. 

Theobald  Smith  :  Further  observations  on  the  fermentation  tube  with  special 
reference  to  auaerobiosis,  reduction,  and  gas  production. 

Erwin  p.  Smith  :    Two  new  and  destructive  diseases  of  Oucurbita. 

Conway  McMillan  :  Preliminary  statement  concerning  botanical  laboratories 
and  instruction  in  American  universities  and  colleges. 

J.  H.  PiLLSBURT:  On  the  quantitative  analysis  of  the  colors  of  flowers  and 
foliage. 

S.  G.  Wkioht:  The  minute  structure  and  development  of  the  daotile  organ  in 
the  leaf  of  the  red-bud. 

S.  M.  Tract  :    Distribution  of  the  GraminesB  in  the  United  States. 

Elizabeth  G.  Britton  :  A  revision  of  genus  Physcomitrium.  On  Vlota  Ameri- 
cana Mitten  and  Orthotrichum  Americanum  Beauv. 

J.  C.  Arthur:    Deviation  in  development  due  to  the  use  of  unripe  seeds. 

W.  T.  Swingle  :  The  principal  diseases  of  citrous  fruits  now  being  studied  at 
Eustis,  Fla.  Cephaluros  mycoidea  and  Phyllosiphon  sp.,  two  parasitic  algas  new 
to  North  America. 

V.  Coville  :    An  analysis  of  the  conditions  affecting  the  distribution  of  plants. 

P.  H.  Rolfs  :   A  Sclerotium  disease  of  plants. 

L.  H.  Pammel:  ^otea  on  Hoestelia  py rata  Crossing  of  Cucurbita.  A  case  of 
poisoning  by  the  wild  parsnip,  Cicuta  maculaia.  Preliminary  notes  on  some 
chromogenic  bacteria  of  the  Ames  flora. 

Section  H.     Anthropology. 

Washington  Matthews:  Songs  of  sequence  of. the  Navajos.  [Illustrated  by 
the  phonograph.] 

H.  C.  Mercer:  The  result  of  excavations  at  the  ancient  argillite  quarries, 
recently  discovered  near  the  Delaware  river  on  Gaddes  Run.  Another  ancient 
source  of  jasper  blade  material  east  of  the  Middle  AUeghenies. 

C.  Stainland  Wake  :    Indian  migrations. 

W.  H.  Brewer  :   The  instinctive  interest  of  children  in  bear  and  wolf  stories. 

E.  H.  S.  Bailky  :   The  delicacy  of  the  sense  of  taste  among  Indians. 
H.  I.  Smith  :    Caches  of  the  Saginaw  Valley. 

J.  N.  B.  Hewitt:  Is  the  polysynthesis  of  Duponoean  characteristic  of  Ameri- 
can Indian  languages. 

A.  F.  Chamberlain  :  Primitive  woman  as  a  poet.  Some  drawings  by  Koote- 
nay  Indians. 

J.  Jastrow  :  Psychology  at  the  World's  Fair. 

H.  N.  Rust  :  Some  account  of  a  purification  ceremony  and  a  sacred  stone  in 
use  among  the  mission  Indians  of  California.  The  Indian  stone  Adzes.  Some 
facts  concerning  the  obsidian  blades  called  swords,  from  northern  California. 

Ernest  Volk  :  Observations  in  regard  to  the  use  of  argillite  by  prehistoric 
people,  made  by  explorations  of  ancient  village  sites  in  the  Delaware  Valley. 

G.  F.  Wright  :   The  evidence  of  glacial  man  in  America. 

W.  J.  McGee  :   The  antiquity  of  man  in  America. 

A.  S.  Herrera  :    The  prehistoric  man  of  Mexico. 

J.  P.  Snyder  :    Buried  deposits  of  hornstone  discs. 

W.  J).  Myer:    a  Shawnee  town  and  its  exploration. 

W.  K.  Mooreiiead  :  Remarks  upon  sheet  copper  designs  from  the  Hopewell 
group,  Ohio. 

G.  A.  Dorsey:  The  ancient  necropolis  of  A  neon,  Peru.  Notes  for  an  archae- 
ological study  of  La  Plata  Island,  Ecuador.  A  ceremony  of  the  Quichua  Indians 
of  Peru. 

D.  G.  Brinton  :  Remarks  on  the  Mexican  Calendar  System. 
W.  H.  Holmes:    Theory  of  primal  shaping  arts. 

J.  0.  Dorsey  :   Indian  names  for  the  Four  Winds  and  Four  Quarters. 
C.  A.  Hirschfelder:    The  sacrifice  of  the  white  dog. 
M.  M.  Snell  :    The  relation  between  Mythopeia  and  Euhemorism. 
Ada  M.  King:    Revision  of  calendar. 
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Section  I.    Economic  Science  and  StaU'sHcs. 

Manly  Miles  :  Surface  tension  of  water  and  evaporation  with  experiments. 
Energy  as  a  factor  in  nutrition. 

Laura  0.  Talbott  :  The  utility  of  practical  psychology.  Geneo-pathological 
chart. 

W.  J.  Beal  :   Manual  labor  at  agricultural  colleges. 

Richard  Golburn  :   The  maturing  Pacific  railroad  debts. 

Hbxry  Farquhar  :    Relations  of  production  and  price  of  silver  and  gold. 

H.  P.  J.  Porter  :   The  necessity  for  a  bureau  of  record  and  reference. 

2.  The  Physical  Geography  of  Antarctica. — The  following  para- 
graphs are  from  a  notice  of  Dr.  Karl  Fricker's  paper  on  "  Die 
Entstehung  und  Verbreitung  des  antarktischen  Treibeises,"  in  the 
London  Geographical  Journal  for  September. 

The  sources  of  polar  ice  are  in  the  main  three — snow  or  glacier 
ice,  fresh-water  ice,  and  sea-water  ice,  with  the  possible  addition 
of  $1  fourth,  the  coast  ice  or  ice  foot ;  and,  inasmuch  as  the  rela- 
tive importance  of  these  is  determined  both  directly  and  in- 
directly through  the  influence  on  climate,  by  the  geographical 
distribution  o\  land  and  sea,  the  south  polar  regions  present,  so 
far  at  least  as  is  known,  an  almost  complete  contrast  to  the 
north.  The  northern  hemisphere  has  a  polar  sea,  enclosed  by  a 
polar  continent  except  for  at  the  most  four  or  five  openings,  of 
which  only  two — Davis  Strait  and  the  channel  between  Iceland 
and  Norway — are  of  real  moment  in  the  movement  or  distribu- 
tion of  ice,  while  the  southern  hemisphere  has  a  polar  continent 
surrounded  by  a  polar  ocean,  to  which  a  number  of  islands  con- 
tribute a  quite  negligible  fraction  of  the  total  ice.  The  supposed 
Antarctic  continent  has  been  touched  by  explorers  in  three  dis- 
tinct regions — Enderby  Land  and  Kemp  Land  in  40°  to  60*  E. 
longitude,  Wilkes  Land  and  Victoria  Land  100°  to  170°  E.  longi- 
tude, and  Graham  Land  and  Alexander  L  Land,  with  a  number 
of  detached  islands  (for  which  Dr.  Fricker  proposes  the  name 
Gerritsz  Archipelago)  to  the  south  of  Cape  Horn — and  in  each 
case  it  has  been  found  to  present  an  almost  unbroken  sheet  of 
ice,  varying  in  thickness  and  formation  with  the  configuration  of 
the  land,  which  extends  outwards  from  the  coast  and  terminates 
in  precipitious  ice-cliffs,  the  great  ice  barrier. 

The  conditions  giving  rise  to  the  formation  of  an  ice-cap  of 
such  dimensions  are  chiefly,  of  course,  those  of  climate,  and  of 
these  our  knowledge  is  as  yet  wofully  meagre.  Theory,  as  at 
present  developed,  requires  a  polar  area  of  low  barometric  pres- 
sure— a  uniform  gradient  downward  from  all  sides — and  a  belt 
of  westerly  winds  with  a  central  calm  area ;  and  for  comment  we 
have  only  a  few  sets  of  observations  taken  during  the  summer 
months,  none  of  which  extend  over  more  than  a  few  weeks  in  one 
place.  But  so  far  as  they  go,  the  observations  almost  directly 
traverse  the  theoretical  hypotheses.  They  indicate  in  the  first 
place  a  zone  of  low  pressure  in  about  75°  S.  latitude,  with  higher 
barometer  further  south.  Hann  suggests  that  this  trough  is  due 
to  the  passage  of  moving  cyclones ;  but  the  supposition  is  not 
borne  out  by  the  wind  observations,  which  show  an  overwhelm- 
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ing  majority  in  favor  of  points  between  S.  and  N.E.  Since  the 
air  temperature  over  the  continent  cannot,  even  in  summer,  much 
exceed  the  freezing-point  on  account  of  the  ice  covering,  it  seems 
not  unreasonable  to  suppose  as  an  alternative  that  pressure  con- 
tinues to  increase  with  latitude  after  the  75th  parallel,  and  that 
the  southerly  and  easterly  winds  are  the  overflowing  currents 
from  a  permanent  polar  anti-cyclone.  It  was  to  be  expected  d 
priori  that  a  theory  founded  on  the  assumption  of  a  homogene- 
ous land  or  sea  surface  would  require  modification  in  the  circum- 
stances, and  the  verticjil  height  of  the  supposed  anti-cyclone  need 
not  be  sufficient  to  interfere  with  upper  currents ;  it  might  in  fact 
rest  as  a  cushion  on  the  land  surface  almost  independent  of  the 
general  circulation. 

Granting  the  existence  of  the  polar  anti-cyclone,  it  is  not  diffi- 
cult to  imagine  that  the  moist  warm  air  ascending  from  the  low- 
pressure  zone  moves  southward  and  feeds  the  anti-cyclone,  dis- 
charging large  quantities  of  moisture  as  snow  and  sleet,  and  also 
in  the  form  of  crystals  deposited  from  mist,  as  the  temperature  is 
reduced  by  the  ice  sheet ;  and  since  the  supply  of  vapor  is  great- 
est during  the  more  open  season  in  the  low-pressure  belt,  it  seems 
likely  that  precipitation  is  greatest  during  summer.  Such  cli- 
matic conditions  are  fully  sufficient  to  account  for  the  presence 
of  glacier  ice  in  almost  unlimited  quantity,  provided  we  assume 
the  existence  of  continental  land,  an  assumption  strongly  sup- 
ported by  our  knowledge  of  the  Arctic  regions,  the  negative 
evidence  of  Grant's  Land  and  the  positive  of  Franz  Joseph  Land 
being  specially  pertinent. 

Glaciers  of  the  valley  of  Alpine  type  are  found  on  the  most 
stupendous  scale.  Ross  describes  one  on  the  east  coast  of  Vic- 
toria Land  as  filling  a  valley  bordered  by  mountains  6000  to 
10,000  feet  in  height,  and  sending  a  tongue  far  into  the  sea.  But 
the  distinctive  feature  is  the  inland  ice,  known  as  yet  only  by 
the  insurmountable  cliffs  facing  the  sea.  This  barrier  is  remark- 
able for  the  uniformity  of  height  it  retains  for  long  distances. 
From  the  volcanoes  Erebus  and  Terror,  Ross  traced  it  eastward 
for  250  miles,  and  gives  the  narrow  limits  of  150  to  200  feet, 
Wilkes  gives  for  other  parts  150  feet,  d'Urville  100  to  160  feet, 
and  Biscoe  100  to  120  feet;  in  Grahamsland,  on  the  other  hand, 
only  12  to  14  feet  is  stated.  Again,  the  barrier-ice  is  noted  by 
the  absence  of  detritus,  or  moraine  material  of  any  kind. 

The  stormy  weather  of  the  southern  ocean,  and  the  strength  of 
the  tidal  streams  are  in  themselves  almost  sufficient  to  prove  that 
the  barrier-ice  is  not  field-ice  formed  at  sea,  but  essentially  inland 
ice,  and  of  this  further  evidence  may  be  derived  from  its  struct- 
ure. Wilkes,  Webster,  d'Urville,  and  in  particular  the  Challenger 
Expedition,  give  information  derived  from  the  examination  of 
icebergs,  and  agree  in  describing  the  ice  as  of  a  stratiform  struct- 
ure, their  blue  layers  of  hard  ice  alternating  with  thicker  beds  of 
white  soft  ice  enclosing  air,  the  latter  thicker  and  softer  near  the 
top  of  the  ice,  and  the  former  preponderating  in  the  lower  strata. 
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Similar  formations  have  been  observed  by  Nansen  and  Payer, 
and  the  presumption  is  that  the  soft  strata  represent  snow  fallen 
during  winter,  and  the  bard  a  surface  partially  melted  during  the 
warmer  months  and  re-frozen.  Under  great  pressure  the  whole 
mass  is  gradually  converted  into  homogeneous  hard  blue  ice. 

Concerning  the  several  motions  of  the  inland  ice,  we  are  with- 
out information  of  any  kind.  Of  the  various  computations  as  to 
its  mean  thickness,  Dr.  Fricker  adopts  that  of  Thomson — 1400 
feet. 

According  to  Heim,  there  are  four  possible  agencies  tending 
toward  the  dissolution  of  glacier  ice — melting  from  above,  melt- 
ing from  below,  internal  melting,  and  the  breaking  away  of  drift 
ice.  From  the  considerations  stated  above  it  appears  that  Ant- 
arctic glaciers  are  chiefly  exposed  to  the  second  and  last  of  these, 
the  action  of  warm  water  eating  away  the  under  surface,  and  the 
separation  of  enormous  icebergs.  Under  the  most  moderate  esti- 
mates, Dr.  Fricker  calculates  that  a  minimum  of  268,000,000,000 
cubic  metres  of  ice  are  annually  detached  from  the  ice  barrier 
and  set  adrift.  The  subsequent  wanderings  of  these  bergs  are 
chiefly  controlled  by  the  ocean  currents,  although  the  direct 
influence  of  wind  is  considerable ;  and  the  normal  "  northern  limit 
of  drift-ice  "  is  of  special  interest  from  the  amount  of  informa- 
tion relating  to  currents  which  can — due  caution  being  exercised 
— be  obtained  from  it.  Taken  generally,  the  set  of  the  currents 
corresponds  in  direction  to  the  prevailing  winds,  from  south 
toward  north,  northwest  and  west.  To  this  rule  there  are, 
however,  important  exceptions.  A  comparatively  strong  easterly 
current  prevails  to  the  south  of  Cape  Horn,  probably  because  of 
the  strong  development  of  west-wind  drift  to  high  latitudes  in 
the  South  Pacific,  and  the  contraction  of  Bransfield  Strait. 
Again,  the  motion  of  the  streams  becomes  extremely  involved  in 
the  two  cases  where  the  coast  trends  north  and  south,  east  of 
Gerritsz  Land  and  Victoria  Land,  in  part  probably  simple  tidal, 
and  in  part  "  compensation  currents  "  flowing  southward.  Neu- 
mayer  to  the  contrary  notwithstanding,  Dr.  Fricker  admits  the 
existence  of  only  one  true  southerly  current — ^to  the  south  of 
Kerguelen — and  of  this  he  proposes  an  extremely  ingenious  ex- 
planation. Kerguelen  and  Head  Island  are  connected  by  a  range 
of  submarine  mountains  some  240  miles  in  length,  which  rises  to 
within  1 00  fathoms  of  the  surf ace^  Assuming  that  the  westerly 
drift  current  extends  below  this  depth,  on  meeting  the  obstacle 
it  will  divide  and  a  part  will  be  deflected  in  a  south-southeasterly 
direction,  and  will  to  some  extent  retain  that  direction  by  virtue 
of  its  superiority  in  speed  over  the  currents  of  higher  latitudes. 
The  other  section  of  the  current,  deflected  northward,  may  ac- 
count for  the  bend  of  isothermal  lines  in  that  direction  observed 
in  the  vicinity  of  Kerguelen. 

The  general  northward  tendency  of  the  surface  currents,  taken 
along  with  the  known  presence  of  Antarctic  water  in  the  lower 
depths  of  the  oceans  of  the  southern  hemisphere,  raises  a  ques- 
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tioD  of  considerable  difficulty  as  to  the  nature  of  the  return  or 
compensation  current.  Dr.  Fricker  offers  a  solution  of  the 
problem,  based  on  the  temperature  observations  of  the  GhaUenger 
and  the  Gazelle^  which  concur  in  showing  a  stratum  of  relatively 
warm  water  at  depths  between  700  and  900  fathoms  in  all  oceans. 
The  bottom  water,  moving  slowly  northward,  is  ultimately  stop- 
ped and  forced  to  ascend  (the  phenomena  are  naturally  most  fully 
developed  in  the  Indian  Ocean),  its  temperature  greatly  raised, 
and  finally  its  density  so  increased  by  evaporation  that  it  sinks 
to  a  position  of  equilibrium  at  an  intermediate  depth  and  flows 
southward,  tending  at  the  same  time  eastward  through  the 
Earth's  rotation  as  a  warm  current.  On  regaining  the  Antarctic 
regions  the  water  of  this  intermediate  current  is  in  part  absorbed 
in  the  formation  of  ice,  and  the  remainder  being  thereby  in- 
creased in  density  sinks  to  the  bottom  and  begins  its  slow  return 
northward. 

3.  Prodromua  Faunoe  Mediterranece,  of  Julius  Victor  Carus 
of  Leipzig,  vol.  ii,  Part  III,  Stuttgart,  1893  (E.  Schweitzenbart'shce 
Verlagshandlung). — This  new  part  of  volume  ii,  treats  of  the 
Vertebrata,  and  concludes  this  very  important  Prodromus  on  the 
Fauna  of  the  Mediterranean.  Something  of  the  value  of  the 
work  may  be  gathered  from  the  fact  that  the  index  of  species 
occupies  more  than  100  pages,  and  is  independent  of  an  Index  of 
common  names  covering  30  pages. 

4.  bulletin  of  the  Geographical  Club  of  Philadelphia.  Vol. 
1,  No.  1,  pp.  1-35.  January,  1893,  Philadelphia. — The  first 
number  of  the  new  publication  by  the  Geographical  Club  of 
Philadelphia  contains  an  interesting  and  well  illustrated  paper 
upon  Mountain  Exploration  by  Edwin  Swilt  Balch. 

5.  The  Mammals  of  Minnesota,  by  C.  L.  Hrrricr.  Bulletin 
No.  7  of  the  Geological  and  Natural  History  Survey  of  Minne- 
sota, N.  H.  WiNCHELL,  State  Geologist.  300  pp.  Bvo. — This  work 
is  a  scientific  and  popular  account  of  the  features  and  habits  of 
the  Mammals  of  the  State,  illustrated  by  several  plates  and  a 
number  of  woodcuts.     The  first  of  the  nlates  is  a  fine  colored 
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figure  of  the  Geomys  bursarius,  or  Pocket  Gopher.  A  second 
part  of  the  work  remains  to  be  published  devoted  to  the  materials 
collected  on  the  anatomy,  especially  the  myology  and  osteology, 
of  the  State  mammals. 

6.  Ueber  die  Entwickelung  der  Theerfarben-Industrie  von  Dr. 
Heinrich  Caro.  161  pp.  Berlin,  1893  (R.  Friedlander  &  Sohn). 
The  Deutsche  Chemische  Gesellschaft  has  recently  issued  in  pam- 
phlet form  the  interesting  and  exhaustive  lecture  upon  the  aniline 
colors  derived  from  coal  tar,  delivered  before  the  Society  by  Dr. 
Caro  on  the  22d  of  June,  1891. 

Annuaire  Geologiquo  Universelle:  Revue  de  Geologie  et  Pal^ntoiogie,  by 
Dr.  L.  Carez  and  II.  Douville.  The  4tli  fascicle  of  volume  viii,  year  1891,  has 
been  issued. 

Geological  and  Solar  Climates:  Their  Causes  and  Variations:  A  Thesis;  by 
Marsden  Manson,  C.K.,  University  of  California.    49  pp.,  12mo,  May,  1S93.  . 
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Art.  XLV. — Restoration  of  Coryohodon;  by  O.  C.  Marsh. 

(With  Plates  V  and  VI.) 

The  genus  Co^ryphodon^  established  by  Owen  in  1846,  is  of 
great  importance  alike  to  geologists  and  paleontologists.  It 
represents  a  remarkable  group  of  large  ungulate  mammals  now 
known  to  have  lived  both  in  America  and  Europe  during  early 
Eocene  time.  The  remains  are  found  in  a  distinct  horizon, 
essentially  the  san;e  in  each  continent.  This  horizon  is  so  well 
marked  that  geologists  may  use  it  as  a  base  for  determining 
the  age  of  other  strata.  The  coryphodont  mammals  them- 
selves are  of  special  interest  to  anatomists,  owing  to  the  primi- 
tive characters  shown  in  the  skeleton.  Perhaps  their  greatest 
importance  lies  in  the  fact,  that  these  large  hoofed  mammals 
make  their  appearance  suddenly  in  great  numbers  at  the  base 
of  the  Tertiary,  without  a  hint  as  to  their  ancestral  line,  and 
with  only  diminutive  generalized  forms  for  their  Mesozoic 
predecessors. 

In  Europe,  various  coryphodont  remains,  especially  teeth, 
have  been  known  under  various  names  since  the  time  of 
Cuvier,  the  first  specimen,  a  molar  tooth,  having  been  found 
in  1807.  All  the  remains  since  discovered  there  have  likewise 
been  fragmentary,  and  descriptions  of  them  will  be  found  in 
the  works  of  Owen,  Hebert,  de  Blainville,  and  more  recent 
authors.  A  summary  of  the  literature  is  given  in  the  Palaeon- 
tology of  von  Zittel,  Volume  IV,  now  in  press. 

The  first  specimen  of  Conjphodon  discovered  in  America 
was  found  in  1871,  near  Evanston,  Wyoming,  by  William 
Cleburne,  while  engaged  as  surveyor  for  the  Union  Pacific 
Railroad.  He  secured  various  remains,  chiefly  teeth  and  verte- 
brae, which  were  found  together,  and  apparently  belonged  to  a 
single  iudividual.  Some  of  these  specimens  he  gave  the  same 
year  to  Prof.  F.  V.  Hayden  for  transmission  to  Dr.  Joseph 
Leidy,  who  failed  to  receive  them.  They  were  subsequently 
described  by  Prof.  E  D.  Cope  under  the  new  generic  names 
Bathmodon  and  Loxolophodon,"^  Portions  of  the  same  skele- 
ton, including  both  teeth  and  vertebrae,  were  later  given  to  the 
writer  by  Mr.  Cleburne,  and  with  tliem  the  above  statement  of 
the  discovery  and  disposition  of  the  specimens  found.  Prof. 
Cope,  in  1872,  gave  the  name  Meialopliodon  to  a  specimen 
from  another  locality  in  Wyoming,  and  subsequently  (1873- 
1875),  in  several  papers,  raid  under  the  above  generic  names, 
described  various  remains  from  Wyoming  and  New  Mexico. 
He  also  gave  figures  of  a  molar  tooth,  the  hind  foot,  and  a 
skull,  all  of  which  he  referred  to  his  genus  liathmodon, 

*Proc.  Amer.  Philos.  Soc,  vol.  xii,  pp.  417  and  420,  1872. 
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In  the  meantime,  the  writer  had  been  investigating  remains 
of  the  same  group  from  Wyoming  and  New  Mexico,  including 
portions  of  the  original  specimen  found  by  Mr.  Cleburne, 
and  other  material  of  much  interest.  It  was  soon  ascertained 
(1)  that  all  these  remains  were  apparently  identical  with  those 
of  the  genus  Coryphodon^  Owen,  as  described  and  figured  by 
him  and  Hebert  ;*  and  (2)  that  the  geological  horizon  of  these 
fossils  was  essentially  the  same  both  in  America  and  Europe. 
An  investigation  was  made  of  the  skull,  and  especially  of  its 
brain-cavity,  the  latter  indicating  a  brain  of  very  inferior  type. 
The  feet  proved  to  be  of  a  primitive  form,  the  manus  and  pes 
each  having  five,  very  short,  functional  digits.  The  remains 
studied  belonged  to  a  new  family,  named  by  the  writer  the 
CoryphodoiitidcB.  These  and  other  results  were  brought 
together  in  a  paper  entitled  "  On  some  Characters  of  the  genus 
Coryphodon,  Owen,"  and  in  it  were  given  figures  of  the  sknll 
and  the  brain  cavity  of  a  new  species,  Coryphodon  hamatus. 
This  paper  was  published  separately,  April  15,  1876,  and 
subsequently  appeared  in  this  Journal,  vol.  xi,  p.  425,  May, 
1870. 

Subsequent  to  the  publication  of  these  determinations  by 
the  writer.  Prof.  Cope  admitted,  in  several  papers,  the  refer- 
ence of  these  remains  to  the  genus  Coryphodon^  and  the 
identity  of  the  horizons  in  this  country  and  Europe  in  which 
they  were  found,  but  without  referring  to  the  above  article  on 
the  subject.  He  likewise  described  in  detail,  and  figured,  in 
1877,  what  he  considered  a  brain-cast  of  Coryphodon^  but 
again  without  any  reference  to  the  paper  in  which,  the  year 
before,  the  writer  had  given  accurate  figures  of  the  brain-cast 
of  that  genus.  In  the  specimen  described  by  Prof.  Cope,  the 
cribriform  plates  of  the  brain-case  were  apparently  wanting,  so 
that  in  the  cast  figured  the  olfactory  lobes  appear  to  extend 
far  forward,  thus  giving  a  wrong  idea  of  the  original  brain.f 

In  the  same  year,  1877,  the  writer  published  a  second  article 
under  the  title,  "  Principal  Characters  of  the  CoryphodontidcR^^ 
in  which  he  gave  more  in  detail  a  description  of  the  skull  and 
brain-cast  of  Coryphodon^  with  a  figure,  and  also  the  main 
facts  in  regard  to  the  skeleton.  The  feet  of  this  genus,  before 
practically  unknown,  were  described  and  figured,  and  especially 
compared  with  those  of  Dinoceras,  which  were  also  repre- 
sented for  comparison.:]:  In  Platti  Y  of  the  present  article,  the 
original  figures  of  the  feet  of  Coryphodon^  as  given  by  the 
writer  in  1877,  are  repeated.     The  original  figure,  also,  of  the 

*  British  Fossil  Mammals  and  Birds,  p.  299,  1846;  and  Annales  des  Sciences 
Naturelles,  tome  vi,  p.  87,  1856. 

f  Proc.  Amer.  Philos.  Soc,  vol.  xvi,  p.  616,  plates  i-ii,  1877.  See  also  Amer. 
Naturalist,  vol.  xi,  p.  312,  and  p.  375,  1877. 

\  This  Journal,  vol.  xiv,  p.  81,  plate  iv,  July,  1877. 
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skull  and  the  brain-cast,  given  by  the  writer  first  in  1876,  and 
again  in  1877,  is  repeated  below,  figure  1. 
"  In  another  publication  (this  Journal,  vol.  xiv,  p.  354,  1877), 
the  writer  defined  more  fully  the  horizon  in  the  lower  Eocene 
in  which  the  Coryphodontidoe  had  been  found  in  this  country, 
and  named  the  deposits  the  Coryphodon  beds. 


Figure  1. — Outline  of  skull  and  brain-cavity  of  Coryphodon  hamatus^  Marsh; 
top  view.     About  ono-lifth  natural  size. 

The  most  important  publication  of  Prof.  Cope  on  the 
GoryphodontidcB  will  be  found  in  Volume  IV  of  the  Wheeler 
Survey,  published  in  1877.  The  remains  of  a  number  of  dif- 
ferent forms,  mainly  from  New  Mexico,  are  described  and 
figured,  and  the  relations  of  the  group  to  some  allied  mammals 
are  discussed.  In  the  following  year,  Prof.  Owen  published 
again  on  Coryphodon^  in  the  Annals  and  Magazine  of  Natural 
History  (vol.  ii,  p.  216,  1878),  giving  figures  of  some  American 
forms.  In  various  papers,  Prof.  Cope  subsequently  referred 
to  the  Coryphodontidce^  naming  several  supposed  species  and 
two  genera,  Manteodon  and  Ectacodon,  but  adding  little 
of  importance  to  what  was  already  known  of  the  group.  In 
his  volume  on  "  The  Vertebrata  of  the  Tertiary  Formations  of 
the  West,"  1884,  lie  again  discusses  at  length  the  Coryphodon' 
tidce^  and  gives  a  number  of  new  figures.  The  historical  part, 
pp.  513-517,  is  marred  by  many  errors,  characteristic  examples 
01  which  may  be  seen  in  two  footnotes,  pp.  513  and  516.  The 
statements  th«re  made  are  erroneous,  as  has  already  been 
shown  in  the  present  article. 

In  his  monograph  on  the  Dinocerata^  1884,  the  writer  dis- 
cussed the  various  relations  of  the  Coryphodontidce  to  the 
Dinocerata^  giving  figures  of  the  skull  and  brain-cast,  the 
upper  and  lower  molar  teeth,  and  the  feet,  of  Coryphodon 
haraatus.  The  name  Amblydactyla  was  substituted  for 
Amblypoda^  and  Coryphodontia  for  Pantodonta^  the  names 
replaced  both  being  essentially  preoccupied. 
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Two  recent  papers  by  Mr.  Charles  Earle,  on  the  Corypho- 
dontidcB,  are  of  interest.*  He  treats  of  the  teeth  of  this 
group,  especially  of  their  variations  and  homologies,  and 
gives  figures  of  some  of  the  most  characteristic  forms.  He 
also  discusses  at  length  the  various  American  species  named, 
and  decides  "that  the  large  number  of  species  which  have 
been  founded  by  Prof.  Cope  should  be  greatly  reduced ;  and 
that  in  many  cases  his  species  are  to  be  considered  merely 
varieties,  and  that  often  these  varieties  are  merely  individual 
variations  in  the  same  species  due  to  age  and  sex." 

In  a  joint  paper  by  Prof.  H.  F.  Osborn  and  Dr.  J.  L 
Wortman,  which  appears  in  the  Bulletin  of  the  American 
Museum,  p.  81,  1892,  the  former  discusses  this  group  briefly, 
especially  some  specimens  recently  collected  in  the  WindKiver 
region  by  Dr.  Wortman,  and  gives  two  figures  of  the  feet  of 
Coryphodon.  In  this  paper,  p.  118,  the  family  Goryphodoii' 
tidcB^  established  by  the  writer  in  1876,  is  credited  to  Prof. 
Cope,  but  with  no  reference  as  authority,  while  the  preoccupied 
names  Pantodonta  and  Amhlypoda  are  also  used  in  place 
of  Coryphodontia  and  Amhlydactyla. 

In  discussing  the  foot  structure  of  Coryphodon  (p.  121), 
Prof.  Osborn  makes  some  very  emphatic  statements,  which 
are  important  if  true,  but  he  gives  no  facts  to  support  them, 
and  there  is  good  evidence  that  he  is  in  error.  One  statement 
is  as  follows :  "  the  positions  of  the  fore  and  hind  feet  of 
Coryphodon  were  absolutely  different,  t\iQ  fore  foot  was  digiti- 
grade  like  that  of  the  Elephant,  and  the  hind  foot  wa^  planti- 
grade like  that  of  the  Bear."  These  positions  are  shown  in 
his  figures,  which  afford  no  evidence  to  support  the  statement, 
especially  in  regard  to  the  hind  foot.  Again,  in  giving  the 
characters  of  the  feet.  Prof.  Osborn  adds  to  what  was  already 
known,  that  the  '* second  metacarpal"  has  a  vertical  ectocunei- 
form  facet ;  a  statement  likewise  open  to  question.  Another 
assertion   (p.  122)  nearly  as  strange  is,  that  in  "  The  figure  of 

the  pes  of  Coryphodon  given  by  Marsh the  astragalus 

is  represented  as  covering  the  entire  upper  surface  of  the 
cuboidP  A  reference  to  the  figure  in  question  (Plate  V,  fig. 
2)  will,  however,  show  this  statement,  also,  to  be  wrong,  as  the 
calcaneum  covers  about  half  the  cuboid.  This  fact  was  clearly 
stated  in  the  text  when  the  figure  was  first  published.  The 
"unique  caudal  appendage"  described  by  Prof.  Osborn  (p.  120), 
and  the  suggestion  in  regard  to  its  use,  do  not  require  special 
notice  here.  The  above  points  will  be  discussed  later  in  the 
present  article. 

■^Science,  vol.  xx,  p.  7,  1892;  aud  Bull   Amer.  Mus.,  vol.  iv,  p.  149,  1892. 
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Restoration  of  Coryphodon  hamatus. 

After  the  above  brief  review  of  the  more  important  litera- 
ture relating  to  the  coryphodont  mammals  found  in  America, 
the  main  object  of  the  present  article,  the  restoration  of  one 
species  of  Coryphodon^  may  be  considered.  In  Plate  YI,  this 
restoration  is  given,  one-twelfth  natural  size.  The  position 
shown  was  chosen  after  careful  consideration,  and  is  believed 
to  represent  fairly  one  naturally  assumed  by  the  animal  in 
life,  when  standing  at  rest.  The  figure  represents  a  fully  adult 
individual  of  one  of  the  largest  species  of  the  genus,  which, 
when  alive,  was  nearly  six  feet  in  length,  and  about  three  feet 
in  height. 

The  basis  of  this  restoration  is  the  type  specimen  of  Coryph- 
odon hamatus^  and  this  was  supplemented  by  other  remains 
which  appeared  to  be  specifically  identical  A  large  number 
of  such  specimens  were  available,  some  of  them  in  excellent 
preservation.  For  parts  of  the  skeleton  where  such  remains 
were  wanting,  specimens  from  nearly  allied  forms  were  used, 
but  no  serious  error  can  thus  result.  In  these  remains,  the 
caudal  vertebrae  were  seldom  preserved  in  good  condition, 
and  although  a  sufficient  number  of  such  specimens  from  dif- 
ferent individuals  were  at  hand,  the  exact  number  in  the 
present  species  could  not  be  determined,  and  hence  the  vertebrse 
of  the  tail  are  left  in  outline. 

No  clavicles  are  represented  in  the  restoration,  and  no  evi- 
dence of  their  existence  has  been  found  by  the  writer  in  the 
many  remains  investigated.  The  specimens  described  by  Prof. 
Cope  as  clavicles  of  Coryphodon  probably  do  not  pertain  to 
that  genus.  A  bone  very  similar  in  shape  to  the  supposed 
clavicles  was  figured  by  him  as  the  fifth  metatarsal,  in  the  first 
diagram  he  published  of  the  hind  foot  of  Coryphodon.  The 
same  figure  has  three  phalanges  in  the  first  digit,  and  the  ecto- 
cuneiform  supported  mainly  by  the  astragalus ;  features  not 
seen  elsewhere  by  the  writer. 

The  feet  of  Coryphodon, 

The  structure  and  position  of  the  feet  of  Coryphodon^  as 
represented  in  the  restoration,  require  some  consideration  in 
this  connection,  in  view  of  differing  opinions  on  these  points. 
The  fore  feet  of  Coryphodon  were  first  figured  and  described 
by  the  writer,  and  on  Plate  Y,  figure  1,  is  the  original  cut 
then  published.  This  figure  was  made  from  a  well-preserved 
specimen  in  which  both  fore  feet  were  present,  and  nearly  in 
position  when  found.  They  were  carefully  kept  in  the  matrix 
until  prepared  for  the  drawing,  and  hence  the  accuracy  of  the 
figure  cannot  well  be  questioned.     The  fore  feet  represented 
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in  the  present  restoration  are  constructed  mainly  from  the 
same  specimen,  and  the  position  given  in  the  original  figure 
has  been  essentially  retained.  The  small  size  of  the  restora- 
tion does  not  permit  as  accurate  an  exhibition  of  the  structure 
of  the  feet  as  could  be  desired,  but  the  main  features  are 
clearly  shown.  In  this  species,  the  pyramidal  bone  (cuneiform) 
touches  the  fifth  metacarpal,  and  helps  to  support  it.  as  in 
Dinoceras^  as  already  shown  by  the  writer.  This  is  the  rule  in 
adult  individuals  of  Coryphodon^  but  in  young  specimens,  the 
metacarpal  facet  on  the  pyramidal  may  be  indistinct  or  even 
wanting,  as  is  sometimes  the  case  with  weathered  specimens. 

The  hind  feet  of  Goryphodon  were  investigated  by  the 
writer  at  the  same  time  as  the  fore  feet,  and  figure  2,  Plate  V, 
of  the  left  pes  was  published  with  figure  1,  and  is  believed  to 
be  equally  accurate.  Being  a  front  view,  it  does  not  fully  show 
the  relations  to  each  other  of  the  astragalus,  calcaneum,  and 
cuboid,  but  the  other  elements  are  clearly  exhibited.  The 
position  first  given  to  the  figure  is  retained  in  the  restoration 
after  a  careful  investigation  of  the  whole  posterior  limbs  in  a 
number  of  well-preserved  specimens.  These  differ  consid- 
erably among  themselves,  but  the  essential  structure  is  identi- 
cal in  all.  The  feet  bones  of  some  of  these  specimens  are 
very  perfect,  and  their  relations  to  each  other  cannot  well  be 
misinterpreted. 

The  accompanying  Plate  Y  gives  together  the  left  fore  and 
hind  feet  of  Goryphodon^  DinoceraSy  and  Elephas^  all  seen 
from  in  front.  The  feet  of  the  three  genera  as  exhibited 
have  many  points  in  common,  and  their  positions  during  life 
were  probably  nearly  the  same.  The  feet  of  Goryphodon  are 
the  oldest  in  point  of  time,  but  those  of  the  elephant  are  in 
some  respects  of  a  more  primitive  type.  Those  oi  Dinoceras 
are  much  nearer  to  Goryphodon  in  their  general  structure,  bat 
the  points  of  resemblance  need  not  be  enumerated  here.  The 
elephant,  as  well  known,  has  all  the  toes  of  each  foot  enclosed 
in  a  common  integument,  but  is  really  digitigrade.  In 
Dinoceras^  the  terminal  phalanges  are  much  larger,  showing 
that  they  themselves  bore  a  greater  weight,  the  digits  being 
undoubtedly  free,  although  a  pad  may  have  helped  to  support 
the  foot.  In  Goryphodon^  the  digits  were  still  more  elongate, 
and  the  terminal  phalanges  proportionately  larger  and  broader, 
somewhat  like  those  of  the  rhinoceros,  indicating  that  they 
were  covered  with  hoofs  that  supported  the  feet.  This  would 
agree  with  the  position  given  them  in  the  restoration,  which 
coincides  with  the  anatomical  structure  of  the  entire  hind  limb. 

Tale  University,  New  Haven,  Conn.,  September  22,  1893. 
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Art.  XL VI. — On  New  England  and  the  Upper  Mississippi 
basin  in  the  Glacial  period ;  by  James  D.  Dana. 

Since  the  publication,  in  this  Journal,  of  Prof.  G.  F. 
Wright's  paper  on  the  Unity  of  the  Glacial  epoch,  nearly  a 
year  since,*  this  subject  has  been  much  discussed  in  the  scien- 
tific journals  of  the  country,  and  with  some  interesting  develop- 
ments besides  those  within  the  purpose  of  the  writers. 

First.  It  has  been  shown  that  there  are  good  working  geol- 
ogists on  each  side  of  the  question. 

Secondly.  It  has  been  made  manifest  that  the  advocates  of 
unity  are  mainly  the  geologists  that  have  investigated  eastern 
glacial  regions  in  the  country,  and  especially  New  England, 
while  the  advocates  of  two  Glacial  epochs  are  chiefly  those 
whose  glacial  studies  have  been  in  more  western  regions. 

The  writer,  who  has  thus  far  taken  no  part  in  the  recent 
discussion,  here  states  that  he  has  found  in  his  geological  ex- 
plorations, which  have  been  extensive  over  New  England,  the 
State  of  Maine  excepted,  no  facts  that  require  for  their  explana- 
tion an  appeal  to  two  glacial  epochs,  and  none  that  has  even 
suggested  the  idea. 

thirdly.  The  presentation  of  arguments  on  the  side  of 
unity  has  been  moderate  in  tone  and  free  from  dogmatism. 
Among  geologists  on  the  other  side,  great  confidence  in  the 
obvious  facts  has  given  occasion  to  expressions  almost  of  accom- 
plished triumph  for  the  two-epoch  theory. 

*  Volume  xliv,  page  351. 
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Fourthly,  Among  the  prominent  glacial  investigators,  one 
has  been  on  both  sides  of  the  question.  Having  studied 
glacial  phenomena  long  and  faithfully  in  New  England, 
Warren  Upham  explained  the  facts  which  he  had  observed  on 
the  theory  of  one  advancing  and  retreating  gljicier,  and  found 
evidence  of  its  terminal  moraine  and  another  halt  moraine  in 
the  islands  south  of  New  England  and  on  part  of  the  adjoin- 
ing main  land.  But  after  some  years  of  study  in  Minnesota 
and  the  neighboring  States  and  over  the  region  northward 
through  Manitoba,  he  adopted  the  theory  of  two  glacial  epochs. 
Returning  again  to  New  England  and  revising  the  facts  there 
presented,  he  was  led  back  to  his  former  opinion,  as  he  has 
announced  in  his  recent  papers.  Since  no  geologist  in  America 
is  better  acquainted  with  the  facts  on  the  two  sides,  or  more 
faithful  and  earnest  in  glacial  investigation,  these  changes  in 
his  conclusions  have  special  interest. 

Fifthly.  As  the  above  review  of  facts  makes  manifest,  the 
division  among  geologists  on  the  question,  and  the  diflEerences 
in  intensity  of  opinion,  are  to  a  large  extent  geographical. 

The  cause  of  this  sectional  divergence  in  views  deserves  con- 
sideration. The  writer  has  come  to  the  conclusion  that  the 
cause  is  largely  meteorological :  that  the  geological  differences  in 
opinion  are  a  consequence  not  only  of  differences  in  observed 
facts  in  the  west  as  compared  with  those ,of  the  east,  but  back 
of  these,  in  meteorological  differences  in  the  two  regions  dur- 
ing the  Glacial  period. 

At  the  present  time  the  glaciated  areas  of  eastern  and  central 
North  America  differ  widely  in  hygrometric  conditions.  For 
New  England  and  three-fourths  of  the  State  of  New  York 
the  mean  annual  precipitation,  according  to  Schott's  maps, 
varies  from  38  to  42  inches — a  broad  coast  region,  nearly  half 
the  breadth  of  New  England,  excepted  over  which  it  amounts 
in  some  parts  to  50  inches ;  while  for  Wisconsin,  it  varies  from 
32  to  38  inches,  and  for  the  larger  part  of  Minnesota,  from  20 
to  32  inches.  North  of  New  England  in  British  America 
east  of  Hudson's  Bay  the  annual  precipitation  is  from  82  to 
20  inches ;  but  to  the  west  of  this  region  over  Manitoba  and 
beyond,  it  is  20  to  10  inches. 

Here  is  a  large  present  difference  between  the  eastern  and 
western  regions,  affecting  snow-falls  as  well  as  rain-falls. 

Now  in  the  Glacial  period,  this  eastern  region  would  not 
only  have  had  the  same  great  advantage  as  now  of  proximity 
to  the  Atlantic  Ocean,  but  also  that  of  greater  height  than 
now.  The  evidence  appears  to  be  conclusive  that  along  the 
Atlantic  side  of  the  continent  from  southern  New  England 
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northward,  as  well  as  on  the  Pacific  side,  the  continent  stood 
much  above  its  present  level,  and  that  the  elevation  was  the 
culmination  of  that  which  was  in  progress  during  the  closing 
part  of  the  Tertiary  era, — as  urged  by  Prof.  Upham.  How- 
ever much  the  surface  of  the  great  medial  valley  of  the  conti- 
nent was  raised,  it  cannot  be  reasonably  questioned  that  the 
border  mountain  regions  experienced  the  greater  amount  of 
elevation.  Hence,  with  the  mountain  condensers  on  the  east 
80  much  increased  in  altitude  and  extent,  the  differences  be- 
tween the  eastern  and  interior  regions  as  to  precipitation  would 
have  been  greatly  augmented,  to  the  advantage  of  the  eastern 
region. 

Further,  the  Glacial  period  was  probably  a  time  of  greater 
precipitation  than  now,  as  well  as  of  greater  cold.  Some  have 
said,  of  greater  precipitation,  and  not  of  greater  cold  ;  but  the 
former  of  these  two  statements  has  general  acceptance.  If  the 
surface  waters  of  the  Atlantic  basin  were  warmer  than  now — 
owing  to  a  rise  of  land  along  a  belt  from  southeast  to  north- 
west through  Iceland  as  part  of  the  general  rise  on  the  Ameri- 
can and  European  sides — this  would  account  for  greater  pre- 
cipitation on  the  borders  of  the  ocean,  and  especially  over  its 
western  border,  the  American. 

But  leaving  this  source  of  increased  precipitation  out  of  con- 
sideration, it  is  plain  that  in  the  Glacial  period  the  difference 
in  amount  of  precipitation  over  the  high  eastern  border  made 
into  a  loftv  ice  plateau  by  the  accumulation  of  snow  and  ice, 
and  over  the  broad  medial  belt  from  Wisconsin  and  Minnesota 
northwestward,  should  have  been  much  greater  than  it  is  now. 
Moreover,  this  central  valley  of  North  America  would  have 
had  something  of  the  existing  disadvantage  of  a  relatively 
warm  summer  temperature.  At  the  present  time,  in  July,  a 
mean  temperature  of  70°  F.  extends  beyond  the  latitude  of 
Lake  Winnipeg  even  to  56°  N.,  and  this  is  10°  in  latitude,  or 
nearly  700  miles,  farther  north  than  the  position  of  the  same 
heat-line  over  New  England. 

The  advantages  for  ice-making  of  eastern  over  central  North 
America  were,  therefore,  very  great,  both  as  regards  tempera- 
ture and  precipitation.  When  the  conditions  over  the  interior 
were  sufficient  to  produce  a  small  annual  gain  of  ice,  those 
over  New  England  would  have  been  making  a  very  large 
annual  gain.  A  small  gain  continued  for  many  scores  of  cen- 
turies would  make  finally  a  great  thickness  of  ice.  But  with 
the  conditions  over  the  interior  near  the  critical  point,  a  small 
unfavorable  meteorological  change  if  long  continued,  might 
carry  off  the  ice  for  scores  or  hundreds  of  miles  from  a 
southern  limit,  with   proportionate  floods  from  the  melting. 
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while  the  eastern  border  Was  all  the  time  gaining  in  ice,  or 
was  making  only  a  short  retreat. 

The  actual  facts  correspond  with  these  views.  The  distance 
in  the  Upper  Mississippi  basin  between  the  farthest  southern 
limit  of  the  ice  and  the  line  of  the  great  moraine,  or  that  of 
the  so  called  "  second  Glacial  epoch,"  is  over  500  miles  ;  but  to 
the  eastward  it  narrows  through  Indiana,  Ohio,  Pennsylvania 
and  New  Jersey ;  and  in  New  England  a  corresponding  moraine 
interval  cannot  be  certainly  made  out,  and  nothing  exists  that 
could  not  be  better  explained  by  reference  to  short  retreats  in 
a  single  glacier. 

I  leave  the  subject  here  for  the  consideration  of  geologists  of 
the  east  and  west.  The  cause  appealed  to  explains  at  least 
why  the  geologists  of  the  east  and  west  are  divided  on  the 
subject ;  and,  also,  why  the  grand  display  of  terminal  and  re- 
treat moraines  characterizing  the  west,  produces  there  the 
stronger  opinions  and  the  stronger  expressions  of  opinions; 
and  why  also  a  complete  survey  of  the  facts  will  probably  lead 
to  a  general  agreement  in  favor  of  a  single  Glacial  epoch  only. 
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John  J.  Stevenson. 

Two  years  ago,  the  writer*  urged  that  the  series  of  beds 
included  within  the  Catskill  and  Chemung  periods,  should  be 

frouped  into  one  period,  the  Chemung,  with  three  epochs,  the 
^ortage,  the  Chemung  and  the  Catskill.  Since  that  time 
Prof.  Hallf  has  presented  in  detail  the  results  of  his  later 
studies  in  the  Catskill  region,  and  Mr.  N.  H.  DartonJ  has  pub 
lished  a  brief  synopsis  of  work  done  by  him  for  Prof.  Hall 
in  the  same  region.  These  papers  supplement  and  confirm  the 
previous  notices  of  work  done  by  Prof.  Hall,  as  given  by  him§ 
from  time  to  time  in  his  official  reports  and  elsewhere.  In 
closing  his  paper,  Mr.  Darton  suggests  that  "  Catskill "  be 
applied  to  the  Upper  Devonian  as  the  name  for  the    whole 

*  Stevenson,  The  Chemung  and  Catskill  (Upper  Devonian)  on  the  eastern  side 
of  the  Appalachian  basin.  Vice-President's  address  before  Amer.  Assoc.  Adv. 
Sci.,  vol.  xl. 

f  Flail.  Bulletin  Geol.  Soc.  of  Amer.,  vol.  iv,  p.  8.  Unfortunately  only  a  refer- 
ence to  the  paper  is  given  with  a  brief  statement  respecting  the  discussion.  The 
paper  has  not  been  published. 

i  This  Journal,  vol.  xlv,  203-209. 

§  Hall,  28th  Ann.  Rep.  of  Regents  on  the  State  Museum,  1876,  p.  16;  Science, 
1880,  p.  290;  Fifth  Ann.  Rep.  of  State  Geologist,  Assembly  Doc.  No.  105,  1886, 
p.  1 1 .  In  this  last  the  true  relation  of  the  Oneonta  sandstone  to  the  underlying 
Hamilton  and  the  overlying  Chemung  was  stated  and  illustrated  by  a  section. 
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period  and  that  its  use  as  the  name  of  an  epoch  be  discarded  : 
this,  in  view  of  the  new  light  thrown  upon  the  subject  by  his 

Eaper.  Mr.  Darton  has  presented  the  conditions  in  the  Cats- 
ill  Mountains  with  great  clearness  and  he  has  increased  our 
stock  of  knowledge  by  the  addition  of  details  which  fill  up 
the  gap  for  a  portion  of  the  southern  border  of  New  York, 
but  the  writer  cannot  see  that  any  light  has  been  shed  upon 
the  general  problem  of  relations,  which  was  not  shining  when 
the  Address,  already  referred  to,  was  prepared  two  years  ago. 

The  making  of  names  for  local  groups  of  rocks,  if  one 
wish  to  employ  them,  is  simple  enough ;  they  may  refer  to 
some  physical  character,  to  the  distribution  of  some  fossil  or  to 
the  locality  itself.  But  to  find  a  name  for  a  vast  formation  is 
far  from  simple.  The  problem  is  to  give  some  definitive  appel- 
lation to  a  series  of  rocks  covering  or  underlying  many  thou- 
sands of  square  miles,  showing  variations  in  lithologic  charac- 
ters and  in  thickness,  in  the  distribution  or  even  in  type  of 
animal  or  vegetable  life.  A  name  based  wholly  on  paleonto- 
logical  grounds  would  be  misleading;  equally  so  would  be  one 
similarly  based  on  lithologic  characters.  Evidently  the  only 
recourse  is  a  geographical  term  referring  to  some  locality, 
where  one  may  find  as  nearly  as  may  be,  an  average  of  all  con- 
ditions shown  in  the  areas  available  for  study.  No  name 
should  be  given  until  after  careful  comparisons,  that  a  wrong 
typical  locality  be  not  selected. 

A  single  instance  may  be  mentioned  as  illustrating  the  diffi- 
culty. The  term  "  Umbral,"  applied  by  H.  D.  Rogers  to  the 
upper  division  of  the  Lower  Carboniferous,  being  unaccepta- 
ble, that  group  received  from  the  2d  Geological  Survey  of 
Pennsylvania  the  name  of  Mauch  Chunk  Red  Shale.  This 
name  answers  well  for  the  northeast  corner  of  Pennsylvania, 
in  the  vicinity  of  the  anthracite  region,  but  it  is  found  less 
and  less  applicable  as  one  recedes  from  that  region  toward  the 
southwest  and  southwardly  along  the  easterly  outcrop  line  ;  for 
sandstones,  limestones  and  shales  of  different  types  are  found  ; 
soon  the  limestones  become  important ;  eventually  in  the  Vir- 
ginias they  predominate  and  the  Mauch  Chunk  shales  become 
an  insignificant  feature  of  this  group,  which  represents  the 
Chester  and  St.  Louis,  with  part  at  least  of  the  Keokuk  of 
the  Mississippi  valley.  Long  ago,  W.  B.  Rogers  gave  to 
this  series  the  name  of  Greenbrier  Group ;  on  Greenbrier 
River  of  West  Virginia  the  shales  of  northeastern  Pennsyl- 
vania and  the  limestones  of  southwestern  Pennsylvania  are 
found  developed  to  their  greatest  extent.  This  naming  proves 
to  be  defensible  on  paleontological  grounds  as  well — in  almost 
every  instance,  careful  stratigraphical  and  careful  paleonto- 
logical work  come  out  closely  in  accord. 
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This  case  is  very  similar  to  that  in  hand.  The  problem  is  to 
^ve  a  name  to  the  series  of  rocks  between  two  sufficiently 
well  defined  limits,  the  Hamilton  below  and  the  Pocono  above. 
The  series  in  all  its  parts  is  practically  persistent  for  folly  six 
hundred  miles  along  its  easterly  outcrop,  from  within  a  few 
miles  of  the  Tennessee  border  through  Virginia,  Maryland, 
Pennsylvania  and  New  York  into  the  Catskill  Mountains. 
Sections  taken  at  short  intervals  show  remarkable  resemblance 
in  detail,  remarkable  uniformity  in  the  more  important  beds 
until  within  a  short  distance  of  the  New  York  line,  where 
the  lithologic  features  hitherto  characterizing  only  the  highest 
members  of  the  sections  extend  lower  and  lower  until,  in  the 
Catskill  Mountain  region,  they  become  almost  equally  charac- 
teristic of  the  lowest  members.  As  the  writer  has  shown  for 
northern  Pennsylvania  along  the  State  line  by  comparison  of 
sections  made  by  White,  Ashburner  and  Sherwood  and,  as 
was  shown  by  Hall  and  now  also  by  Darton  for  southern  New 
York,  the  same  condition  is  observed  in  coming  eastward 
toward  the  Catskill  region.  Recognizing  this  condition,  but 
seeming  to  regard  its  discovery  as  new,  Mr.  Darton  says  : 

"  As  the  Catskill  in  its  type  region  comprises  Portage  and 
Chemung,  my  proposition  now  is  to  discontinue  the  use  of 
Catskill  as  a  coordinate  formation  term  and  use  the  term  Cats- 
kill  group  to  include  the  Portage  and  Chemung  formations, 
the  latter  extending  to  the  base  of  the  Lower  Carboniferous. 
I  believe  the  Chemung  and  Portage  are  formations  distinctly 
separable  over  a  wide  area,  but  Cliemung  and  "  Catskill "  as 
formations  are  only  separable  by  a  lithologic  distinction,  which 
progressively  varies  several  thousand  feet  in  stratigraphic  posi- 
tion in  the  extension  of  the  beds  across  southern  New  York."* 

This  is  now  no  mere  strife  about  words ;  possibly  were  the 
name  to  be  given  de  novo^  the  case  might  be  different.  But 
this  is  no  beginning ;  the  three  groups,  Portage,  Chemung 
and  Catskill  have  been  recognized  for  forty  years  ;  tbey  are 
recognizable  as  separate  in  an  immense  area,  compared  to 
which  the  Catskill  Mountain  region  of  New  York  is  utterly 
insignificant.  A  lithologic  distinction  between  Chemung  and 
Catskill  was  not  the  basis  on  which  the  groups  were  separated 
in  the  typical  locality  of  the  latter,  which  is  Susquehanna 
County  of  Pennsylvaniaf  and  no  such  distinction  can  be  used 
with  safety.  That  feature,  however,  was  used  in  other  locali- 
ties, by  Vannxem  himself  as  well  as  by  other  observers,  in 
order  to  determine  equivalence.  This  test  led  to  Prof.  Hall's 
placing  of  the  Lower  Chemung  near  Blossburg,  Pennsylvania, 
into    the  Old   Red  Sandstone  and  therefore  to   regard  the 

♦Darton,  loc.  cit,  p.  209. 

f  Vanuxem  in  Assembly  Doc.  No.  50.  1840,  p.  381. 
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Holoptychius  beds  of  Tioga  County,  Pcnn.,  as  Catskill,  where- 
as they  lie  but  little  above  the  Lower  Chemung  Conglomerate 
(AUegrippus  of  White),  which,  in  Susquehanna  County  of 
JPennsylvania  is  at  1000  feet  below  the  Montrose  sandstone 
(Honesdale  Sandstone  of  White),  while  in  south  central  Penn- 
sylvania along  the  easterly  outcrop,  the  bed  is  fully  2000  feet 
below  the  Montrose  sandstone.  And  the  use  of  this  lithologic 
test  has  been  the  cause  of  confusion  and  annoyance  ever  since. 

The  objections  to  the  use  of  the  name  Catskill  for  the  whole 
series  are  so  strong  as  to  render  it  certainly  unwise  if  not  alto- 
gether wrong ;  and  they  apply  equally  to  the  proposed  disuse 
of  the  term  to  distinguish  a  subordinate  formation. 

That  the  Catskill  Mountain  region  is  not  the  typical  area  of 
the  Catsl^ill  Group  has  been  mentioned.  It  was  there  that 
Mather*  found  his  "  Catskill  Mountain  Series,"  which  included 
all  the  rocks  of  the  Catskill  region  from  the  Lower  Carbon- 
iferous Sandstone  of  H.  D  Rogers  down  to  the  bottom  of  the 
Marcellus,  so  that  it  comprehended  the  Hamilton,  Chemung 
and  Catskill  as  well  as  part  of  the  Pocono.  Yanuxemf  used 
the  term  "  Catskill  Group  "  in  his  final  report  to  designate  the 
summit  rocks  of  the  Devonian,  the  group  to  which  he  had 
given  the  name  of  Montrose  sandstone  in  the  fourth  annual 
report.:]:  The  distribution  of  the  group  as  given  in  the  final 
report  differs  little  from  that  given  in  the  annual  report,  but 
in  the  former  the  Oneonta  sandstone  is  taken  as  the  equivalent 
of  the  Montrose  sandstone.  The  series  was  taken  to  be  the 
same  with  the  Old  Red  Sandstone  of  Prof.  Hall§  which  rests 
in  the  Chemung  Group. 

In  spite  of  Yanuxem's  error  in  the  final  report,  that  of 
identifying  the  Oneonta  with  the  Montrose  sandstone,  it  is 
doubtful  whether  any  geological  term  has  ever  been  applied  to 
a  better  defined  group  than  that  made  by  Vanuxem  in  the 
fourth  annual  report,  to  which  he  gave  the  name  of  Catskill  in 
his  final  report.  The  Montrose  sandstone  is  a  thoroughly  well 
marked  horizon,  obscure  only  in  the  exceedingly  restricted 
area  of  southern  ^ew  York :  it  ie  traceable  without  difficulty 
in  the  sections  along  the  eastern  outcrop  from  northeastern 
Pennsylvania  to  many  miles  beyond  New  River  in  Yirginia. 
Its  variations  in  northern  Pennsylvania  westward  are  well 
shown  in  the  sections  obtained  by  I.  C.  White  and  in  southern 
Pennsylvania  westward  in  the  sections  obtained  by  Stevenson. 

The  Catskill  of  Yanuxem  is  distinct  also  in  its  history ;  its 
distribution  is  very  different  from  that  of  the  Chemung  ;  it  is 

*  Mather,  Assembly  Doc,  No.  150.  1841,  pp  77-82. 
f  Vanuxem,  Geology  of  New  York,  Part  III,  1842,  p.  12. 
J  Vanuxem,  Assembly  Doc,  No.  50.  1840,  p.  3S1. 
§Hall,  Assembly  Doc,  No.  50,  1840,  p.  452. 
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local.  In  southern  Pennsylvania  near  the  Maryland  line  its 
whole  thickness  of  3700  feet  disappears  within  less  than  60 
miles  westward  from  the  eastern  outcrop ;  in  northern  Penn- 
sylvania it  has  practically  disappeared  before  Bloesbarg  in 
Tioga  County  has  been  reached ;  in  southern  New  York,  it 
should  not  reach  beyond  Chemung  County.  It  must  not  be 
understood  that  this  means  that  red  rocks  disappear ;  red  rocks 
occur  far  below  the  Montrose  at  many  places,  so  that  rocks  of 
"  the  Catskill  type,"  as  Ashburner  termed  them,  appear  at 
many  localities  west  from  the  line  of  Catskill  disappearance. 
The  Chemung  extends  far  to  the  west  beyond  the  last  traces 
of  the  Catskill  and  is  easily  recognized  in  western  Pennsyl- 
vania and  in  Ohio. 

The  Catskill  is  as  well  defined  as  any  group  in  the  Pevoniau 
column ;  it  is  impossible,  therefore,  to  discard  the  name  as  one 
designating  a  subordinate  division  of  a  series,  the  essential 
unity  of  which  appears  now  to  be  conceded  as  fully  as  is  the 
unity  of  the  Hamilton  or  Niagara.  The  question  still  remains, 
however,  does  this  Catskill  portion  so  present  the  characters  of 
the  whole  series  as  to  justify  the  application  of  its  name  jto  the 
whole  Upper  Devonian  period  ? 

It  is  impossible  to  answer  this  question  in  the  affirmative, 
for  were  the  name  so  employed,  it  would  give  an  erroneous 
impression  respecting  the  conditions  prevailing  in  by  far  the 
greater  part  of  the  Appalachian  basin  during  most  of  the 
immense  period  represented  by  the  Portage,  Chemung  and 
Catskill.  It  must  be  remembered  that  the  Catskill  Mountain 
region  is  not  the  typical  area  of  the  group  which  Vanuxem 
named  "Catskill."  The  Catskill  Mountain  region,  far  from 
being  the  typical  area  of  anything,  has  always  been  the  area  of 
doubt  and  dispute.  Mather's  too  hasty  gathering  in  of  the 
red  beds  and  Yanuxem's  error  respecting  the  relation  of  the 
Oneonta  to  his  Montrose  sandstone  produced  uncertainty  for 
more  than  a  third  of  a  century  and  led  to  error  in  adjacent 
regions.  The  work  in  Pennsylvania  did  much  to  prepare  the 
way  for  reconciliation  of  the  facts  which  seemed  to  be  at  vari- 
ance ;  but  Prof.  Hall's  recognition  of  the  relations  of  the 
Oneonta*  sandstone  removed  the  mystery  and'  made  every- 
thing distinct. 

He  has  shown  that  the  Oneonta  sandstone,  instead  of  rest- 
ing on  the  Chemung,  is  the  base  on  which  it  rests,  is,  in  fact 
practically,  the  eastward  prolongation  of  the  Portage.  Mr. 
barton's  section  from  Broome  County  of  New  York  eastward 
shows  the  same  thing. 

*  Hall,  Fifth  Ann.  Report  of  State  Geologist,  Assembly  Doc.,  No.  105,  1886, 
p.  11. 
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The  constancy  of  the  conditions  within  the  Catskill  Mountain 
area  from  the  very  beginning  of  the  Upper  Devonian  made 
the  relations  of  its  rocKS  to  those  of  other  regions  very  per- 
plexing. As  Prof.  Hall  has  shown,  even  before  the  close  of 
tlie  Hamilton,  the  conditions  became  unfavorable  to  animal 
and  vegetable  life  and  favorable  to  the  formation  of  red  beds ; 
and  these  conditions,  with  rare  interruptions,  continued  until 
the  end  of  the  Devonian.  But  as  one  recedes  from  the  area 
of  the  Catskills,  he  finds  that  these  conditions  did  not  begin 
alike  early  everywhere*  and  that  the  horizon  at  which  red 
rocks  become  a  marked  feature,  varies  stratigraphically  not 
less  than  3000  feet ;  and  the  upper  limit  of  animal  life  varies 
even  to  nearly  4000  feet,  there  being  localities  where  some 
moUuscan  forms  were  able  to  sustain  themselves  amid  the  red 
beds  at  the  very  top  of  the  section. 

But  this  was  no  hap-hazard  variation.  The  writer  has  shown 
that  the  conditions  beginning  so  early  in  the  Catskills  of  New 
York,  spread  toward  the  south  and  west  slowly  but  steadily 
until  at  the  close  of  the  Devonian,  they  prevailed  along  the 
easterly  outcrop  to  beyond  the  New  River  in  Virginia  and 
westward  to  the  limits  already  given  as  those  of  the  Catskill. 
The  characteristic  fossil  of  the  Oneonta  sandstone  (Portage)  in 
New  York  is  the  Amphigenia^  commonly  thought  to  be  a 
freshwater  form.  As  the  conditions  favorable  to  the  existence 
of  this  mollusc  extended,  the  geographical  distribution  must 
have  become  greater,  so  that  there  was  no  reason  for  surprise 
when,  in  1881,  the  writer  discovered  that  form  near  the  sum- 
mit of  the  Montrose  sandstone  in  southwestern  Pennsylvania, 
several  thousand  feet  above  the  Portage,  its  horizon  in  the 
Catskills. 

But  these  conditions  spread  very  slowly ;  Mr.  Darton's  sec- 
tion from  Broome  County  eastward  in  New  York  exhibits  the 
changes  observed  previously  in  northern  Pennsylvania  by  I.  C. 
White  and  in  southern  Pennsylvania  by  Stevenson.  So  slowly 
did  they  spread,  that  for  a  very  long  period,  lasting  almost  to 
the  end  of  the  Chemung,  as  limited  above  by  Vanuxem,  they 
had  reached  southwestward  to  b^irely  75  miles  within  Penn- 
sylvania and  westward  but  little  further — an  utterly  insignifi- 
cant area  when  we  remember  that  the  whole  series  has  been 
examined  along  the  easterly  outcrop  for  500  miles  further 
southwestwardly  and  that,  by  means  of  the  oil-borings  and 
the  successive  anticlinals,  the  section  is  familiar  to  the  south- 
western limit  of  Pennsylvania ;  while  the  tracing  along  the 
northern  line  of  Pennsylvania  and  the  southern  line  of  New 
York  is  sufficiently  simple.  Southwardly  in  Pennsylvania, 
one  comes  quickly  to  sections  showing  fossiliferous  beds  in  the 

*  Stevenson,  loc.  cit. 
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lower  portion ;  each  succeeding  section  in  that  direction  shows 
the  fossiliferous  portion  extending  higher  and  higher,  until  in 
Huntingdon  County,  the  whole  mass  below  the  Montrose  sand- 
stone, 4,675  feet  thick,  is  more  or  less. fossiliferous — the  fossils 
being  most  abundant  in  beds  near  the  top  of  the  column.  In 
southern  Virginia,  however,  the  change  is  more  noteworthy, 
for  there  within  Roanoke  County,  the  writer  in  1890  found 
Chemung  forins  far  up  in  what  is  nnquestionably  the  Oatskill. 
Going  westwardly,  one  finds  the  matter  equally  clear,  the  fos- 
siliferous beds  occurring  higher  and  higher,  while  the  whole 
mass  diminishes  in  thickness  ;  so  that  before  western  Pennsyl- 
vania has  been  reached  Chemung  fossils  are  present  at  the  top 
of  the  section,  the  Montrose  or  Catskill  having  thinned  out 
and  disappeared. 

So  then,  the  "  Catskill  condition"  existed  within  a  very  cir- 
cumscribed area  until  the  close  of  the  Chemung  epoch ;  bat 
for  some  reason,  the  area  was  enlarged  greatly  during  the  Cats- 
kill.  Ked  beds,  it  is  true,  had  made  their  appearance  at  many 
localities  long  before  that  time,  but,  for  the  most  part,  they 
are  insignificant  features  in  the  sections.  It  is  sufficiently 
clear  that  to  apply  the  name  Catskill  to  the  whole  series  of 
rocks  would  be  to  apply  a  term  which  would  be  misleading,  as 
it  refers  to  a  locality  exhibiting  characteristics  wholly  or  almost 
wholly  absent  from  most  or  all  of  the  section  in  nine-tenths  of 
the  area  in  which  the  series  can  be  studied  within  the  Appa- 
lachian region. 

Of  course,  there  are  objections  to  the  use  of  the  term 
"Chemung"  for  the  whole  series;  not  much  of  the  Catskill 
portion  is  present  in  the  immediate  region  where  the  Chemung 
was  studied  by  Hall  in  1839.  But  undoubtedlv  there  is  a  rem- 
nant of  that  group  there,  so  that  representatives  of  all  three 
divisions  of  the  series  can  be  gathered  under  the  name.  The 
only  objections  to  the  use  of  the  name  are  such  as  apply  to  the 
use  of  any  geographical  term ;  but  the  reasons  favoring  its 
use  far  outweigh  any  objections  which  may  be  offered. 

In  probably  nine-tenths  of  the  area  in  which  this  series  is 
exposed  within  the  Appalachian  basin,  the  Chemung,  that  por- 
tion below  the  Montrose  or  Catskill  of  Vanuxem,  is  the 
important  portion  of  the  series ;  it  is  the  persistent  portion, 
with  certain  beds  which  are  traceable  directly  over  almost  the 
whole  region  outside  of  the  Catskill  Mountain  area ;  whereas 
the  Catskill  is  not  the  persistent  portion,  occupying  as  it  does 
only  the  long  trough  rudely  parallel  to  the  Blue  Ridge  from 
southern  New  York  to  very  near  the  Tennessee  line,  as  already 
defined.  More  than  that ;  the  fauna,  termed  Chemung  by 
Hall  in  New  York  is  typical  of  the  whole  section  below  the 
Montrose  sandstone  and  in  Virginia  passes  even  into  that  por- 
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tion  of  the  section.  Catskillis  simply  epochal  but  "  Chemung" 
carries  with  it  the  conception  of  those  physical  and  biological 
characteristics  which  mark  the  great  closing  period  of  the 
Devonian. 

Chemung,  therefore,  and  not  Catskill  is  the  epoch  whose 
name  should  be  applied  to  designate  the  whole  group,  while 
Catskill  must  be  retained  in  its  original  signification  only. 

University  of  the  City  of  New  York. 
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by  Geo.  F.  Becker. 

HooMs  Law, — The  law  proposed  by  Hooke  to  account  for 
the  results  of  experiments  on  elastic  bodies  is  equivalent  to : — 
Strain  is  proportionate  to  the  load,  or  the  stress  initially  applied 
to  an  unstrained  mass.  The  law  which  passes  under  Hooke's 
name  is  equivalent  to  :— Strain  is  proportional  to  the  final  stress 
required  to  hold  a  strained  mass  in  equilibrium."'^  It  is  now 
universally  acknowledged  that  either  law  is  applicable  only  to 
strains  so  small  that  their  squares  are  negligible.  There  are 
excellent  reasons  for  this  limitation.  Each  law  implies  that 
finite  external  forces  may  bring  about  infinite  densities  or 
infinite  distortions,  while  all  known  facts  point  to  the  conclu- 
sion that  infinite  strains  result  only  from  the  action  of  infinite 
forces.  When  the  scope  of  the  law  is  confined  to  minute 
strains,  Hooke's  own  law  and  that  known  as  his  are  easily 
shown  to  lead  to  identical  results ;  and  the  meaning  is  then 
simply  that  the  stress-strain  curve  is  a  continuous  one  cutting 
the  axes  of  no  stress  and  of  no  strain  at  an  angle  whose  tangent 
is  finite.  Hooke's  law  in  my  opinion  rests  entirely  upon  ex- 
periment, nor  does  it  seem  to  me  conceivable  that  any  process 
of  pure  reason  "  should  reveal  the  character  of  the  dependence 
of  the  geometrical  changes  produced  in  a  body  on  the  forces 
acting  upon  its  elements."f 

Purpose  of  this  paper. — So  far  as  I  know  no  attempt  has 
been  made  since  the  middle  of  the  last  century  to  determine 
the  character  of  the  stress-strain  curve  for  the  case  of  finite 
8tress.:|:  I  have  been  unable  to  find  even  an  analysis  of  a 
simple  finite  traction  and  it  seems  that  the  subject  has  fallen 
into  neglect,  for  this  analysis  is  not  so  devoid  of  interest  as  to 
be  deliberately  ignored,  simple  though  it  is. 

♦Compare  Bull,  fieol.  See.  Amer..  vol.  iv,  1893,  p.  38. 
t  Saint- Venant  in  his  edition  of  Ciebsch.  p.  39. 

X  J.  Riccati.  in  1 747,  a  brief  account  of  whose  speculation  is  given  in  Todhunter's 
history  of  elasticity,  proposed  a  substitute  for  Hooke's  law. 
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In  the  first  part  of  this  paper  finite  stress  and  finite  strain 
will  be  examined  from  a  purely  kinematical  point  of  view ; 
then  the  notion  of  an  ideal  isotropic  solid  will  be  introduced 
and  the  attempt  will  be  made  to  show  that  there  is  bot  one 
function  which  will  satisfy  the  kinematical  conditions  con- 
sistently with  the  definition.  This  definition  will  then  be  com- 
pared with  the  results  of  experiment  and  substantially  justified. 

In  the  second  part  of  the  paper  the  vibrations  of  sonorous 
bodies  will  be  treated  as  finite  and  it  will  be  shown  that  the 
hypothesis  of  perfect  isochronism,  or  perfect  constancy  of  pitch, 
leads  to  the  same  law  as  before,  while  Hooke's  law  would  in- 
volve sensible  changes  of  pitch  during  the  subsidence  of  the 
amplitude  of  vibrations. 

Analysis  of  shearing  stress. — I^t  3i,  ?i  and  X  be  the  resul- 
tant normal  and  tangential  stresses  at  any  point.  Then  if  N^, 
N,  and  X,  are  the  so-called  principal  stresses  and  /,  /i,  i'  the 
direction  cosines  of  a  plane,  there  are  two  stress  quadrics 
established  by  Cauchy  which  may  be  written 

Since  also  I'  =  81'  -  ??', 

V  =  (N,  -  N,)UV'  ^  (N,  -  ^^)^\v«  +  (N.  -  N,)VV^ 

and  these  formulas  include  the  case  of  finite  stresses  as  well  as 
of  infinitesimal  ones. 

In  the  special  case  of  a  plane  stress  in  the  xy  plane,  X,  =  0 
and  >  =  0,  and  the  formulas  become 

V  =  (X,  -  X,)^AV'. 

In  the  particular  case  of  a  shear  (or  a  p^lre  shear)  there  are 
two  sets  of  planes  on  which  the  stresses  are  purely  tangential, 
for  otherwise  there  could  be  no  planes  of  zero  distortion. 
On  these  planes  ??  =  0,  and  if  the  corresponding  value  of 
////  is  a, 

—  >,«=>,    a. 

If  this  particular  quantity  is  called  Q/S^  one  may  write  the 
equations  of  stress  in  a  shear  for  any  plane  in  the  form 
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For  the  axes  of  the  shear  the  tangential  stress  must  vanish,  so 
that  k  or  ft  must  become  zero,  and  therefore  the  axes  of  a?  and 
y  are  the  shear  axes.  If  ^^  and  9?y  are  the  normal  axial 
stresses,  one  then  has 

A  physical  interpretation  must  now  be  given  to  the  quantity 
a.  In  a  finite  shearing  strain  of  ratio  «,  it  is  easy  to  see  that 
the  normal  to  the  planes  of  no  distortion  makes  an  angle  with 
the  contractile  axis  of  shear  the  cotangent  of  which  is  a.  If 
the  tensile  axis  of  the  shear  is  the  axis  of  y,  and  the  contractile 
axis  coincides  with  x,  this  cotangent  is  k/ii.  Hence  in  the 
preceding  formulas  a  is  simply  the  ratio  of  shear. 

In  a  shear  of  ratio  a  with  a  tensile  axis  in  the  direction  of 
oy^  minus  ^^a  is  the  negative  stress  acting  in  the  direction  of 
the  X  axis  into  the  area  a  on  which  it  acts.  It  is  therefore  the 
load  or  initial  stress  acting  as  a  pressure  in  this  direction. 
Similarly  9ty/a  is  the  total  load  or  initial  stress  acting  as  a  ten- 
sion or  positively  in  the  direction  oy.  Hence  a  simple  finite 
shearing  strain  must  result  from  the  action  of  two  equal  loads 
or  initial  stresses  of  opposite  signs  at  right  angles  to  one  another 
the  common  value  of  the  loads  being  in  the  terms  employed 

It  is  now  easy  to  pass  to  a  simple  traction  in  the  direction  of 
oy  since  the  principle  of  superposition  is  applicable  to  this 
case.  Imagine  two  equal  shears  in  planes  at  right  angles  to 
one  another  combined  by  their  tensile  axes  in  the  direction  oy, 
and  let  the  component  forces  each  have  the  value  ^/3.  To 
this  system  add  a  system  of  dilational  forces  acting  positively 
and  equally  in  all  directions  with  an  intensity  ^/3.  Then  the 
sum  of  the  forces  acting  in  the  direction  of  oy  is  Q  and  the 
sum  of  forces  acting  at  right  angles  to  oy  is  zero. 

Inversely  a  simple  finite  load  or  initial  stress  of  value  Q  is 
resoluble  into  two  shears  and  a  dilation,  each  axial  component 
of  each  elementary  initial  stress  being  exactly  one-third  of  the 
total  load.  Thus  the  partition  of  force  in  a  finite  traction  is 
exactly  the  same  as  it  is  well  known  to  be  in  an  infinitesimal 
traction,  provided  that  the  stress  is  regarded  as  initial  and  not 
final.f 

*  This  proposition  I  have  also  deduced  directly  from  the  conditions  of  equilib- 
rium in  Bull.  Geol.  Soc.  Amer.,  vol.  iv,  1893,  page  3G.  It  may  not  be  amiss  here 
to  mention  one  or  two  properties  of  the  stresses  in  a  shear  which  are  not  essential 
to  the  demonstration  in  view.  The  equation  of  the  shear  ellipse  may  be  written 
in  polar  coordinates  l/r^^aV^  +  a-^Z^.  Hence  the  resultant  load  on  any  plaue 
whatever  is  0tr=  ±  Q/'d.  The  final  tangential  stress  is  well  known  to  be  maxi- 
mum for  planes  making  angles  of  45^  with  the  axes;  but  it  is  easy  to  prove  that 
the  tangential  load,  Xr,  is  maximum  for  the  planes  of  no  distortion.  These  are 
also  the  planes  of  maximum  tangential  strain.  Rupture  by  shearing  is  deter- 
mined by  maximum  tangential  loady  not  stress. 

t  Thomson  and  Tait,  Nat.  Phil,  section  682. 
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Application  to  system  of  forces. — Without  any  knowledge 
of  the  relations  between  stress  and  strain,  the  foregoing  an- 
alysis can  be  applied  to  developing  corresponding  systems  of 
stress  and  strain.  Let  a  unit  cube  of  an  elastic  substance  pre- 
sentingerjual  resistance  in  all  directions  be  subjected  to  axial 
loads  ±^,  Qy  H.  Suppose  these  forces  to  produce  respectively 
dilations  of  ratios  A,,  //,,  h^  and  shears  of  ratios^,  a,  r.  Then 
the  following  table  shows  the  effects  of  each  axial  force  on 
each  axial  dimension  of  the  cube  in  any  pure  strain. 


Active  force 

X 

A, 

p 
p 

p 

y  2 

lip  1 
1   i/> 

Q 

R 

Axis  of  strain 

X    y    z 
K  '>i   K 
1     q    Mq 

X    y     z 

Dilation 

Shear 

Shear 

A,   h^   h, 

Ir    1     r 

1    l,r  r 

Grouping  the  forces  and  the  strains  by  axes,  it  is  easy  to  see 
that  the  components  may  be  arranged  as  in  the  following  table, 
which  exhibits  the  compound  strains  in  comparison  with  the 
compound  loads  which  cause  them,  though  without  in  any  way 
indicating  the  functional  relation  between  any  force  and  the 
corresponding  strain. 


Pure  Strains. 

Axes 

X 

hhh, 

qr 
1 

1 

y 

2 

Dilation 
Shear 

Shear 

P' 

,  P9 

r' 

1 

pq 

Products 

KKKf 

qr 

pr 

hjiji^r* 
pq 

Loads  or  Initi 
X 

P+Q+R 

3 
Q^R-2P 

3 
0 

P 

al  Stresses. 

Axes 

P+Q  +  Ji 

Q  +  Ii-2P 

3 
P+  Q-2R 

3 

z 

Dilation 

Shear 

Shear 

P-^Q-hR 

3 
0 

P+  Q-2R 

3 

Sums 

Q 

R 
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In  many  cases  it  is  convenient  to  abbreviate  the  strain  pro- 
ducts. Thus  if  one  writes  h^kji^^h^  qr/p^^a  and  pq/r^=^^ 
the  product  are  A/a,  ha^  and  A//9. 

Inferences  froyn  the  table. — It  is  at  once  evident  that  the 
load  suras  correspond  to  the  products  of  the  strain  ratios,  and 
that  zero  force  answers  to  unit  strain  ratios.  There  are  also 
several  reciprocal  relations  which  are  not  unworthy  of  atten- 
tion. If  ^=0  and  Q=i—P^  the  strain  reduces  to  a  pure  shear. 
But  tlie  positive  force,  say  Q^  would  by  itself  produce  a  dila- 
tion Ag,  while  the  negative  force,  minus  Py  would  produce 
cubical  compression  of  r^itio  h^  <1.  Now  a  shear  is  by  defini- 
tion undilatational  and  therefore,  in  this  case,  hJi^-=^\.  Hence 
equal  initial  stresses  of  opposite  signs  produce  dilatations  of 
reciprocal  ratios.  The  same  two  forces  acting  singly  would 
each  produce  two  shears  while  their  combination  produces  but 
one.  Q  would  contract  lines  parallel  to  02  in  the  ratio  \/q 
while  minus  P  would  elongate  the  same  lines  in  the  ratio  p/\. 
Since  the  combination  leaves  these  lines  unaltered,  J9/y=l. 
Hence  equal  loads  of  opposite  signs  produce  shears  of  recipro- 
cal ratios.  It  is  easy  to  show  by  similar  reasoning  that  equal 
loads  of  opposite  signs  must  produce  pure  distortions  and  ex- 
tensions of  reciprocal  ratios. 

Strain  as  a  junction  of  load — One  may  at  will  regard 
strains  as  functions  of  load  or  of  final  stress;  but  there  seem 
to  be  sufficient  reasons  for  selecting  load  rather  than  final  stress 
as  the  variable.  To  obtain  equations  giving  results  applicable 
to  different  substances,  the  equations  must  contain  constants 
characteristic  of  the  material  as  well  as  forces  measured  in  an 
arbitrary  unit.  In  other  words  the  forces  must  be  measured 
in  terms  of  the  resistance  which  any  particular  substance  pre- 
sents. Now  these  resistances  should  be  determined  for  some 
strain  common  to  all  substances  for  forces  of  a  given  intensity. 
The  only  such  strain  is  zero  strain  corresponding  to  zero  force. 
Hence  initial  stresses  or  loads  are  more  conveniently  taken  as 
independent  variables."^ 


Argument  based  on  small  strains. 

Physical  hypothesis. — In  the  foregoing  no  relation  has  been 
assumed  connecting  stress  and  strain.  The  stresses  and  strains 
corresponding  to  one  another  have  been  enumerated,  but  the 
manner  of  correspondence  has  not  been  touched  upon.  One 
may  now  at  least  imagine  a  homogeneous  elastic  substance  of 
such  a  character  as  to  offer  equal  resistance  to  distortion  in 

*  When  the  strains  are  infinitesimal,  it  is  easv  to  see  that  load  and  final  stress 
differ  from  one  another  by  an  infinitesimal  fraction  of  either. 
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every  direction  and  eqaal  resistance  to  dilation  in  every  direc- 
tion. Tlie  two  resistances  may  also  be  supposed  independent 
of  one  another — for  this  is  a  more  general  case  than  that  of 
dependence.  The  resistance  finally  may  be  supposed  continnoos 
and  everywhere  of  the  same  order  as  the  strams. 

In  sach  an  ideal  isotropic  substance  it  appears  that  the  num- 
ber of  independent  modulnses  cannot  exceed  two ;  for  a  pure 
shear  irrespective  of  its  amount  is  the  simplest  conceivable  dis- 
tortion and  no  strain  can  be  simpler  than  dilation,  while  to  as- 
sume that  cither  strain  involved  more  than  one  modulus  would 
be  equivalent  to  supposing  still  simplier  strains,  each  dependent 
upon  one  of  the  units  of  resistance.  It  is  undoubtedly  true 
that,  unless  the  load-strain  curve  is  a  straight  line,  finite  strains 
involve  constants  of  which  infinitesimal  strains  are  independent ; 
but  these  constants  are  mere  coefficients  and  not  modulnses : 
for  the  function  being  continuous  must  be  developable  by 
Taylor's  Theorem,  and  the  first  term  must  contain  the  same 
variable  as  the  succeeding  terms,  this  variable  being  the  force 
measured  in  terms  of  the  modulnses.  In  this  statement  it  must 
be  understood  that  the  modulnses  are  to  be  determined  for 
vanishing  strain.* 

One  can  determine  the  general  form  of  the  variable  in  terms 
of  the  resistances  or  modulnses  for  the  ideal  isotropic  solid 
defined  above.  The  load  effecting  dilation  in  simple  traction, 
as  was  shown  above,  is  exactly  one  third  of  the  total  load,  or 
say  Q/S ;  and  if  a  is  the  unit  of  resistance  to  linear  dilation, 
Q/3a  is  the  quantity  with  which  the  linear  dilation  will  vary. 
The  components  of  the  shearing  stresses  in  the  direction  of  the 
traction  are  each  ^/3,  and,  if  c  is  the  unit  of  resistance  to  this 

*  One  sometimes  sees  the  incompleteDess  of  Hooke*s  law  referred  to  in  terms 
such  as  •'  Young's  modulus  must  in  reality  be  variable."  This  is  a  perfectly  legit- 
imate statement  provided  that  Young's  modulus  is  defined  in  accordance  with  it; 
but  the  mode  of  statement  does  not  seem  to  me  an  expedient  one  to  indicate  the 
failure  of  linearity.  Let  fi  represent  Young's  modulus  regarded  as  variable  and 
Fa  force  or  a  stress  measured  in  arbitrary  units.  Then  if  y  is  the  length  of  a 
unit  cube  when  extended  by  a  force,  the  law  of  extension  may  be  written  in  the 
form  y=  1  +  F/u.  Now  let  JTbe  the  value  of  Young's  modulus  for  zero  strain, 
and  therefore  an  absolute  constant.  Then,  assummg  the  continuity  of  the  func- 
tions, one  may  write  u  in  terms  of  .l/'thus, 

1         1       /  F\        \   /      ,    AF      BF^  \ 

But  this  gives 

F       AF^      BF^ 

so  that  1///  merely  stands  for  a  development  in  terms  of  F/M.  If  therefore  one 
defines  Young's  modulus  as  the  tangent  of  the  curve  for  vanishing  strain,. the 
fact  of  curvature  is  expressed  by  saying  that  powers  of  the  force  (in  terms  of 
Yonng's  modulus)  higher  than  the  first  enter  into  the  complete  expression  for 
extension. 
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initial  stress,  the  corresponding  extension  will  vary  with  2Q/Zo. 
In  simple  extension  all  faces  of  the  unit  cube  remain  parallel 
to  their  original  positions,  and  the  principle  of  superposition  is 
applicable   throughout  the   strain.     Hence  the  total  variable 

may   be   written   Qi:^  +  q~)'     The  intensity  of  Q  will  not 

afiect  the  values  of  the  constants  a  and  c  which  indeed  should 
be  determined  for  vanishing  strain  as  has  been  pointed  out. 

The  quantities  a  and  c  have  been  intentionally  denoted  by 
unusual  letters.  In  English  treatises  it  is  usual  to  indicate  the 
modulus  of  cubical  dilation  by  h  and  the  modulus  of  distor- 
tion by  n.  With  this  nomenclature  a=^k  and  c=2n.  Using 
the  abbreviation  M  for  Young's  modulus  the  variable  then 
becomes 


<i  +  i)  =  «/^- 


Since  this  is  the  form  of  the  variable  whether  Q  is  finite  or 
infinitesimal,  the  length  of  the  strained  cube  according  to  the 
postulate  of  continuity  must  be  developable  in  terms  of  Q/M 
and  cannot  consist,  for  example,  solely  of  a  series  of  terms  in 
powers  of  Q/9k  plus  a  series  of  powers  of  Q/^n  /  in  other 
words  the  general  term  of  the  development  must  be  of  the 
form  A^(Q/Mf  and  not  ArniQ/^kf  +  B^ {Q/^nY', 

Form  of  the  functions. — If  a  is  the  ratio  of  snear  produced 
by  the  traction  Q  in  the  ideal  isotropic  solid  under  discussion, 
a  must  be  some  continuous  function  of  Q/^n.  So  too  if  h  is 
the  ratio  of  linear  dilation,  A  is  some  continuous  function  of 
Q/9k.  The  length  of  the  strained  mass  is  cCh^  and  this  must 
be  a  continuous  function  of  Q/M,  If  then  f^  (p  and  <p  are 
three  unknown  continuous  functions,  one  may  certainly  write 

«'=/(3T.)'    ^'=KS)'    «'^=KI>    (^) 

It  also  follows  from  the  definitions  of  a  and  h  that 

l=/(0);  1  =  ^7^0);  l  =  ^/'(0).  (2) 

For  the  sake  of  brevity  let  Q/Zn=)^  and  Q/Qk—x.  Then  v 
and  X  may  be  considered  algebraically  as  independent  of  one 
another  even  if  an  invariable  relation  existed  between  n  and 
k;  for  since  in  simple  traction,  the  faces  of  the  isotropic  cube 
maintain  their  initial  direction,  the  principle  of  superposition 
is  applicable ;  and  to  put  n=c3o  or  A:=oo  is  merely  equivalent 
to  considering  only  that  part  of  a  strain  due  respectively  to 
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compressibility  or  to  pure  distortion.*  Now  the  functions  are 
related  by  the  equation 

/(v)^(k)  =  ^'(v  +  k)  (3) 

and  if  v  and  x  are  alternately  equated  to  zero 

f(y):=ztp(v)  and  cp  {h)  =  tf)  (k). 

Hence  the  three  functions  are  identical  in  formf  or  (3)  becomes 

Developing  the  second  member  by  Taylor's  theorem  and 
dividing  hj  J^{x)  gives  a  value  iov  f{y\  viz: 

/w=i  +  4f8--^  +  . .. 

J  (H)dK 

Since  the  two  variables  are  algebraically  independent,  this 
equation  must  answer  to  McLaurin's  Theorem,  which  implies 
that  the  expression  containing  x  is  constant,  its  value  being 
say  h.     Then 

Hence  since  ^(0)=! 

f{H)  =  e^' 

and  since  all  three  functions  have  the  same  form 

/{v+H)  =  a^''+'')  =   \-\-hQIM  +  .  .  . 

*  Compare  Thomson  and  Tait  Nat.  Phil.,  section  179. 

f  This  proposition  is  vital  to  the  whole  demonstration.  Another  way  of  ex- 
pressing it  is  as  follows: — If  the  functions  are  continuous, 

a'^h=\+A($^    +   £.)      +     b($-    +   ^\   +  .  .  . 
\3n         9A;/  \3n        9A;/ 

where  A^  JB,  etc  ;  are  constant  coefficients.  Then  since  n  ajid  k  are  algebraically 
independent,  or  since  the  principle  of  superposition  is  applicable,  the  develop- 
ment of  a^  is  found  by  making  h=  I  and  fc==oo  .     Thus 

A,  B,  etc.,  retaining  the  same  values  as  before.  Consequently  a*  is  the  same 
function  of  Q/'^n  tl>at  d-h  is  of  Q/M  By  equating  a  to  unity  and  n  to  infinity, 
it  appears  that  h  also  is  of  the  same  form  as  arh. 

There  is  the  closest  connection  t)etweon  this  method  of  dealing  with  the  three 
functions  and  the  principle,  that,  when  an  elastic  mass  is  in  equilibrium,  any  por- 
tion of  it  may  be  supposed  to  become  infinitely  rigid  and  incompressible  without 
disturbing  the  equilibrium.  For  to  suppose  that  in  the  development  of  d^h^  k=co 
is  equivalent  to  supposing  a  system  of  external  forces  equilibrating  the  forces 
Q/9k.  This  again  is  simply  equivalent  to  assorting  the  applicability  of  the  prin- 
ciple of  superposition  to  the  case  of  traction. 

In  pure  elongation,  unaccompanied  by  lateral  contraction,  it  is  easy  to  see  that 
h=a  and  that  a  varies  as  Q/6n.  In  this  case  also  6w=9Aj  because  Poisson's 
ratio  is  zero.  Hence  without  resorting  to  the  extreme  cases  of  infinite  n  or  k,  it 
appears  that  h  is  the  same  function  of  dk  that  a  is  of  6n.  This  accords  with  the 
result  reached  in  (5)  without  sufficing  to  prove  that  result. 
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Here  h/M  is  the  tangent  of  the  load-strain  curve  for  vanish- 
ing strain,  and  this  by  definition  is  1/J/,  so  that  5=1. 

It  appears  then  that  the  equations  sought  for  the  load- 
strain  functions  are 

a^  =  .<?/3^;         h  =  e^/^^  ;         a^h  =  e^/^ .  (5) 

a  result  which  can  also  be  reached  from  (4)  without  the  aid  of 
Taylor's  theorem. 

Tests  of  the  equations. — These  equations  seem  to  satisfy  all 
the  kinematical  conditions  deduced  on  preceding  pages.  It  is 
evident  that  opposite  loads  of  equal  intensity  give  shears,  dila- 
tions and  extensions  of  reciprocal  ratios  and  that  the  products 
of  the  strain  ratios  vary  with  the  sums  of  the  loads.  It  is  also 
evident  that  infinite  forces  and  such  only  will  give  infinite 
strains.  A  very  important  point  is  that  these  equations  repre- 
sent a  shear  as  held  in  equilibrium  by  the  same  force  system 
whether  this  elementary  strain  is  due  to  posit ve  or  negative 
forces.  If  any  other  quantity  (not  a  mere  power  of  Q  or  the 
sum  of  such  powers),  such  as  the  final  stress  were  substituted 
for  the  load  Q^  a  pure  shear  would  be  represented  as  due  to 
different  force  systems  in  positive  and  negative  strains  which 
would  be  a  violation  of  the  conditions  of  isotropy.*  One 
might  suppose  more  than  two  independent  moduluses  to  enter 
into  the  denominator  of  the  exponent;  but  this  again  would 
violate  the  condition  of  isotropy  by  implying  diflferent  resist- 
ances in  different  directions.  Any  change  m  the  numerical 
coefficients  of  the  moduluses  would  imply  a  different  partition 
of  the  load  between  dilation  and  distortion,  which  is  inadmis- 
sible. It  would  be  consistent  with  isotropy  to  suppose  the 
exponent  of  the  form  {Q/Mf'^'^\  but  then,  if  c  exceeds  zero, 
the  development  of  the  function  would  contain  no  term  in  the 
first  power  of  the  variable  and  the  postulate  that  strains  and 
loads  are  to  be  of  the  same  order  would  not  be  fulfilled.  The 
reciprocal  relations  of  load  and  strain  would  be  satisfied  and 
the  loads  would  be  of  the  same  order  as  the  strains,  if  one  were 
to  substitute  a  series  of  uneven  powers  of  the  variables  for  v 
and  X.     Such  series  are  for  example  the  developments  of  tan  v 

*  Let  a  shearing  strain  be  hold  in  equilibrium  by  two  loads,  (?/3  and  minus 
Q/3.  If  a  second  equal  shear  at  right  angles  to  the  lirst  is  so  combined  with  it 
that  the  tensile  axes  coincide,  the  entire  tensile  load  is  2  Q/:\.  If  on  the  other 
hand  the  two  shears  are  combined  by  their  contractile  axes,  the  total  pressure  is 
2  Q/^.  Ii^  the  first  case  the  area  of  the  deformed  cube  measured  perpendicularly 
to  the  direction  of  the  tension  is  I /a-,  and  if  Q'  is  the  final  stress,  ^V«'  =  2^/3 
or  Q*  =  2Qa^/'6.  In  the  second  case  the  area  on  which  the  pressure  acts  is  a^ 
and  if  the  stress  is  Q\  Q"  =  —  2^/;<a*.  Thus  Q'  =  —  Q"a^.  Hence  equal  final 
stresses  of  opposite  signs  cannot  produce  shears  of  reciprocal  ratios  in  an  iso- 
tropic solid.  The  same  conclusion  is  manifestly  true  of  any  quantity  excepting  Q 
or  an  uneven  power  of  Q  or  the  sum  of  such  uneven  powers. 
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and  tan  x.  In  a  case  of  this  kind,  however,  a^h  would  not  be  a 
function  of  Q/M^v-Vx  excepting  for  infinitesimal  strain; 
the  exponent  then  taking  the  form  of  a  series  of  terms 
^Jy^  +  ^)  instead  of  A^(y  4-  xf^.  Finally  it  is  conceivable 
that  the  expanded  function  should  contain  in  the  higher  terms 
moduluses  not  appearing  in  the  first  variable  term ;  but  this 
would  be  inconsistent  with  continuity.  In  short  I  have  been 
unable  to  devise  any  change  in  the  functions  which  does  not 
conflict  with  the  postulate  of  isotropy  as  defined  or  with 
some  kinematical  condition. 

Abbreviation  of  proof , — In  the  foregoing  the  attempt  has 
been  made  to  take  a  broad  view  of  the  subject  in  hand  lest 
some  important  relation  might  escape  attention  Merely  to 
reach  the  equations  (5)  only  the  following  steps  seem  to  be 
essential.  Exactly  one- third  of  the  external  initial  stress  in  a 
simple  traction  is  employed  in  dilation,  and  of  the  remainder 
one  half  is  employed  in  each  of  the  two  shears.  An  ideal  iso- 
tropic homogeneous  body  is  postulated  as  a  material  present- 
ing equal  resistance  to  strain  in  all  directions,  the  two 
resistances  to  deformation  and  dilation  being  independent  of 
one  another ;  the  strains  moreover  are  to  be  of  the  same  order 
as  the  loads,  and  continuous  functions  of  them.  In  such  a 
mass  the  simplest  conceivable  strains,  shear  and  dilation,  can 
each  involve  only  a  single  unit  of  resistance  or  modulus.  The 
principle  of  superposition  is  applicable  to  a  simple  traction 
applied  axially  to  the  unit  cube  however  great  the  strain.  It 
follows  that  the  length  of  the  strained  unit  cube  is  a  function 
of  Q/M. 

Together  these  propositions  and  assumptions  give  (1)  and 
without  further  assumptions  the  final  equations  sought  (5)  fol- 
low as  a  logical  consequence. 

Data  from  expeviment, — No  molecular  theory  of  matter  is 
essential  to  the  mechanical  definition  of  an  isotropic  substance. 
An  isotropic  homogeneous  body  is  one  a  sphere  of  which 
behaves  to  external  forces  of  given  intensity  and  direction  in 
the  same  way  however  the  sphere,  may  be  turned  about  its 
center.  There  may  be  no  real  absolutely  isotropic  substance, 
and  if  there  were  such  a  material  we  could  not  ascertain  the 
fact,  because  observations  are  always  to  some  extent  erroneous. 
It  is  substantially  certain,  however,  that  there  are  bodies  which 
approach  complete  symmetry  so  closely  that  the  divergence  is 
insensible  or  uncertain.  Experience  therefore  justifies  the 
assumption  of  an  isotropic  substance  as  an  approximation 
closely  representing  real  matter. 

All  the  more  recent  careful  experiments,  such  as  those  of 
Amagat  and  of  Voigt,  indicate  that  Cauchy's  hypothesis,  lead- 
ing for  isotropic  subtances  to  the  relation  Zk  =  5n,  is  very  far 
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from  being  fulfilled  by  all  substances  of  sensibly  symmetrical 
properties.  This  is  substantially  a  demonstration  that  the 
molecular  constitution  of  matter  is  very  complex,*  but  pro- 
vided that  the  mass  considered  is  very  large  relatively  to  the 
distances  between  molecules  this  complexity  does  not  interfere 
with  the  hypothesis  that  pure  shear  and  simple  dilation  can 
each  be  characterized  by  one  constant  only. 

The  continuity  of  the  load-fitrain  function  both  for  loads  of 
the  same  sign  and  from  positive  to  negative  loads  is  regarded 
as  established  by  experiment  for  many  substances ;  and  equally 
well  established  is  the  conclusion  that  for  small  loads,  load  and 
strain  are  of  the  same  order.f  In  other  words  Hooke's  law  is 
applicable  to  minute  strains.  Perfect  elastic  recovery  is  prob- 
ably never  realized,  but  it  is  generally  granted  that  some  sub- 
stances approach  this  ideal  under  certain  conditions  so  closely 
as  to  warrant  speculation  on  the  subject. 

These  results  appear  to  justify  the  assumptions  made  in  the 
paragraph  headed  "physical  hypothesis"  as  representing  the 
most  important  features  of  numerous  real  substances.  On  the 
other  hand  viscosity,  plasticity  and  ductility  have  been  entirely 
ignored ;  so  that  the  results  are  applicable  only  to  a  part  of 
the  phenomena  of  real  matter. 

Stress-strain  function. — It  is  perfectly  easy  to  pass  from 
the  load-strain  function  to  the  stress-strain  function  for  the 
ideal  solid  under  discussion.  The  area  of  the  extended  cube  is 
its  volume  divided  by  its  length  or  h^/d^h.  Hence  if  Q'  is  the 
stress,  or  force  per  unit  area,  Q'h^/a^  =  Q,  Therefore  the 
stress-etrain  function  is 

an  equation  which  though  explicit  in  respect  to  stress  and  very 
compact  is  not  very  manageable.     If  one  writes  d'h  =  y  and 

h/a  =  aj,  the  first  member  of  this  equation  becomes  y^'^ .     Here 
X  and  y  are  the  coordinates  of  the  corner  of  the  strained  cube. 
Verbal  statement  of  law, — If  one  writes  a'A— 1=/,  the  last 
of  equations  (5)  gives 

df={\+f)clQIM 

or  the  increment  of  strain  is  proportional  to  the  increment  of 
load  and  to  the  length  of  the  strained  mass.  This  is  of  course 
the  "  compound  interest  law "  while  Hooke's  law  answers  to 
simple  interest. 

*  Compare  Lord  Kelvin's  construction  of  the  system  of  eight  molecules  in  a 
substance  not  fulfilling  Poisson's  hypothesis  in  his  Lectures  on  Molecular 
Dynamics. 

f  Compare  B.  de  Saint- Venant  in  his  edition  of  Navicr's  Le9ons,  1864,  p.  14, 
and  Lord  Kelvin,  Kncyc.  Brit.,  9th  ed..  Art.  Elasticity,  Section  37. 
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Curves  of  absolute  movement. — Let  a  be  Poisson's  ratio 

or  (r=— 7-_ r-. 

2(3A?  +  2w) 

Let  ajo^o  be  the  original  positions  of  a  particle  in  an  unstrained 
bar,  and  let  xy  be  their  positions  after  the  bar  has  been  ex- 
tended by  a  load  Q.  Then  x-=^xjk/a  and  y^y^o^h.  It  also 
follows  from  (5^  that  a^^=h*^^  whence  it  may  easily  be  shown 
that  the  path  oi  the  particle  is  represented  by  the  extraordin- 
arily simple  equation* 

^y^^oVo  (6) 

If  one  defines  Poisson's  ratio  as  the  ratio  of  lateral  contrac- 
tion to  axial  elongation,  its  expression  is  by  definition 

__     dx  .dy  _       ydx  ^ 
~      X     y  ^       xdy^ 

and  this,  when  integrated  on  the  hypothesis  that  <y  is  a  con- 
stanty  gives  (6).  Thus  for  this  ideal  solid,  the  ratio  of  lateral 
contraction  to  linear  elongation  is  independent  of  the  previous 
strain. 

The  equation  (6)  gives  results  which  are  undeniably  correct 
in  three  special  cases.  For  an  incompressible  solid  <t=  1/2,  and 
(6)  becomes  aj''y=constant,  or  the  volume  remains  uncnanged. 
For  a  compressible  solid  of  infinite  rigidity  <t=  — 1  and  (6) 
becomes  a?/y= constant  so  that  only  radial  motion  is  possible. 
For  linear  elongation  unaccompanied  by  lateral  extension  <r=0, 
and  (6)  gives  a;= constant. f 

*  On  Cauchy's  hypothesis  (t=1/4,  which,  introduced  into  this  equation,  impHes 
that  the  volume  of  the  strained  cube  is  the  square  root  of  its  length. 

f  It  seems  possible  to  arrive  at  the  conclusion  that  a  is  constant  by  discussion  of 
these  three  cases  Let  e  and  — /  be  small  axial  increments  of  strain  due  to  a  small 
increment  of  traction  applied  to  a  mass  already  strained  to  any  extent.  Let  it 
also  be  supposed  that  the  moduluses  are  in  general  functions  of  the  coordinates, 
80  that  n  and  A;  are  only  limiting  values  for  no  strain.  Then,  by  the  ordinary 
analysis  of  a  small  strain  (Thomson  and  Tait,  section  682),  one  may  at  least 
write  for  an  isotropic  solid 

e=pl \ +  __i         ^, 

\3n[l  +/,(aj)]         9fc[l  +Mx)\J 

-f  =  P{ ^ - L V 

V6n[l  +Mx)]         9k[l  +Mx)]) 

where /(a?)  is  supposed  to  disappear  with  the  strain.  These  values  represent  each 
element  of  the  axial  extensipn  and  each  element  of  the  lateral  contraction  as 
wholly  independent.  The  value  of  g  is  —f/e.  Now  for  an  incompressible  sub- 
stance, as  mentioned  in  the  text,  a=\/2  and  the  formula  gives 

(T  =  i  .  l±f}^  ,  so  that/i(a?)=/a(aj). 
2     1  +Mx) 

Again  for  n  =  oo  only  dilation  is  possible,  or  (t=  — 1,  while  the  formula  gives 
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Argument  from  finite  vibrations. 

Sonorous  vibrations  finite, — In  the  foregoing  pages  the 
attempt  has  been  made  to  show,  that  a  certain  definition  of  an 
isotropic  solid  in  combination  with  purely  kinematical  proposi- 
tions leads  to  a  definite  functional  expression  for  the  load- 
strain  curve.  The  definition  of  an  isotropic  solid  is  that  usual 
except  among  elasticians  who  adhere  to  the  rariconstant  hypo- 
thesis, and  it  seems  to  be  justified  by  experiments  on  extremely 
small  strains.  But  the  adoption  of  this  definition  for  bodies 
under  finite  strain  is,  in  a  sense,  exterpolation.  It  is  therefore 
very  desirable  to  consider  the  phenomena  of  such  strains  as 
cannot  properly  be  considered  infinitessimal. 

It  is  usual  to  treat  the  strains  of  tuning  forks  and  otlier 
sonorous  bodies  as  so  small  that  their  squares  may  be  neg- 
lected, and  the  constancy  of  pitch  of  a  tuning  fork  executing 
vibrations  of  this  amplitude  has  been  employed  by  Sir  George 
Stokes  to  extend  the  scope  of  Hooke's  law  to  moving  systems. 
It  does  not  appear  legitimate,  however,  to  regard  strongly 
excited  sonorous  bodies  as  only  infinitesimally  strained.  Tun- 
ing forks  sounding  loud  notes  perform  vibrations  the  ampli- 
tudes of  which  are  sensible  fractions  of  their  length.  Now  it 
is  certain  that  no  elastician  would  undertake  to  give  results  for 
the  strength  of  a  bridge  similarly  strained,  or  in  other  words 
he  would  deny  that  such  flexures  were  so  small  as  to  justify 
neglect  of  their  squares.* 

Sonorous  vibratiofis  isochronous. — The  vibrations  of  sono- 
rous bodies  seem  to  be  perfectly  isochronous,  irrespective  of 
the  amplitude  of  vibration.  Were  this  not  the  case,  a  tuning- 
fork  strongly  excited  would  of  course  sound  a  different  note 
from  that  which  it  would  give  when  feebly  excited.     Neither 

(T  =  - 1 .  l±f^l ,  so  that  Mx)=Mx). 

For  pure  elongation  the  lateral  contraction  is  by  definition  zero,  or  (t=0,  and  the 
formula  is 

(T  =  —-     ./l(_^)-/*(«^)      __  ,  whence  Mx)=Mx). 

Hence  all  four  functions  of  x  are  identical  and  g  reduces  to  its  well  known  con- 
stant-form.— With  0-  as  a  constant,  equation  (6)  follows  from  the  definition  of  a ; 
and  substituting  a^h—y/y^  and  /i/a=a?/a;^  gives  a*»=/i^''.  If  W=Qnlna  one 
may  then  write 

a=e'^/6»;     ft=e^^^     aV.=.  ^/^=  I  +  TF/Jlf  +    .... 

Here  experiment  shows  that  W  may  be  regarded  either  as  load  or  stress ;  and 
reasoning  indicates  that  it  must  be  considered  as  load  if  ilf  is  determined  for 
vanishing  strain 

*  It  is  scarcely  necessary  to  point  out  that  many  of  the  uses  to  which  sprincfs 
are  put,  in  watches  for  example,  afford  excellent  evidence  of  the  continuity  of 
the  load-strain  function  for  finite  distortions. 
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musicians  nor  physicists  have  detected  any  such  variation  of 
pitch  which,  if  sensible,  would  render  music  impossible.  The 
fact  that  the  most  delicate  and  accurate  microchronometrical 
instruments  yet  devised  divide  time  by  vibrations  of  forks,  is 
an*  additional  evidence  that  these  are  isochronous.  Lord  Kelvin 
has  even  suggested  the  vibrations  of  a  spring  in  a  vacuum  as 
a  standard  of  time  almost  certainly  superior  to  the  rotation  of 
the  earth,  which  is  supposed  to  lose  a  few  seconds  in  the 
course  of  a  century."*^ 

It  is  therefore  a  reasonable  hypothesis  in  the  light  of  experi- 
ment that  the  load  strain  function  is  such  as  to  permit  of  iso- 
chronous vibrations;  but  to  justify  this  conclusion  from  an 
experimental  point  of  view,  it  must  also  be  shown  that  Hooke's 
•law  is  incompatible  with  sensibly  isochronous  vibration.  I 
shall  therefore  attempt  to  ascertain  what  load -strain  function 
fulfills  the  condition  of  perfect  isochronism  (barring  changes 
of  temperature)  and  then  to  make  a  quantitative  comparison 
between  the  results  of  the  law  deduced  and  those  derived  from 
Hooke's  law. 

Application  of  moment  of  momenta, — If  the  cube  circum- 
scribed about  the  sphere  of  unit  radius  is  stretched  by  oppos- 
ing initial  stresses  and  then  set  free,  it  will  vibrate ;  and  the 
plane  through  the  center  of  inertia  perpendicular  to  the  direc- 
tion of  the  stress  will  remain  fixed.  Each  half  of  the  mass 
will  execute  longitudinal  vibrations  like  those  of  a  rod  of  unit 
length  fixed  ^t  one  end,  and  it  is  known  that  the  cross  section 
of  such  a  rod  does  not  affect  the  period  of  vibration,  because 
each  fiber  parallel  to  the  direction  of  the  external  force  will 
act  like  an  independent  rod.  Hence  attention  may  be  con- 
fined to  the  unit  cube  whose  edges  coincide  with  the  positive 
axes  of  coordinates,  the  origin  of  which  is  at  the  center  of 
inertia  of  the  entire  mass. 

The  principle  of  the  moment  of  momenta  is  applicable  to 
one  portion  of  the  strain  which  this  unit  cube  undergoes  dur- 
ing vibration.  The  moment  of  a  force  in  the  xy  plane  rela- 
tively to  the  axis  of  oz^  being  its  intensity  into  its  distance 
from  this  axis,  is  the  moment  of  the  tangential  component  of 
the  force  and  is  independent  of  the  radial  force  component. 
Now  dilation  is  due  to  radial  forces  and  neither  pure  dilation 
nor  any  strain  involving  dilation  can  be  determined  by  discus- 
sion of  the  moments  of  external  forces.  Hence  the  principle 
of  the  moment  of  momenta  applies  only  to  the  distortion  of 
the  unit  cube.  This  law  as  applied  to  the  my  plane  conse- 
quently governs  only  the  single  shear  in  that  plane. 

The  principle  of  the  moment  of  momenta  for  the  xy  plane 
may  be  represented  by  the  formula 

♦  Nat  Phil.,  sections  406  and  830. 
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where  the  second  member  expresses  the  moments  of  the  ex- 
ternal forces, -which  are  as  usual  measured  per  unit  area,  and 
^iVx  ^^®  ^^^  coordinates  of  any  point  the  mass  of  which  is  m. 

deduction  of  equation  (7). — Let  x  and  y  represent  the  posi- 
tion of  the  corner  of  the  strained  cuV)e ;  then  the  abscissa  of 
the  center  of  inertia  of  the  surface  on  which  the  stress- J^  acts 
is  aj/2,  and  since  Y  is  uniform,  Ix^Y  =^  xY/%.  Similarly 
I!y^X=^  yX/2t,  Now  xY  and  yX  may  also  be  regarded  as 
the  loads  or  initial  stresses  acting  on  the  two  surfaces  of  the 
mass  parallel  respectively  to  ox  and  oy^  and  in  a  shear  these 
two  loads  are  equal  and  opposite.  Hence  the  second  member 
of  (7)  reduces  to  xY  It  has  been  shown  above  that,  if  Q  is 
an  initial  tractive  load,  Q/S  is  the  common  value  of  the  two 
equal  and  opposite  loads  producing  one  shear.  But  to  obtain 
comparable  results  for  shear  dilation  and  extension,  Q/S  must 
be  measured  in  appropriate  units  of  resistance.  Since  M  is 
the  unit  of  resistance  appropriate  to  extension,  the  separate 
parts  of  the  force  must  be  multiplied  by  M  and  divided  by 
resistances  characteristic  of  the  elementary  strains.     Now 

and  it  is  evident  that  2n/M  is  the  unit  in  which  Q/Z  should 
be  measured  for  the  single  shear.*  Thus  the  second  member 
of  (7)  becomes  MQ/671. 

This,  then,  is  the  value  which  the  moment  of  the  external 
forces  assumes  when  these  hold  the  strained  unit  cube  in  equi- 
librium. This  unit  cube  forms  an  eighth  part  of  the  cube 
circumscribed  about  the  sphere  of  unit  radius.  When  the 
entire  mass  is  considered,  the  sum  of  all  the  moments  of  the 
external  forces  is  zero ;  since  they  are  equal  and  opposite  by 
pairs.  If  the  entire  mass  thus  strained  is  suddenly  released 
and  allowed  to  perform  free  vibrations,  the  sum  of  all  the 
moments  of  momenta  will  of  course  remain  zero.  On  the 
other  hand  the  quantity  MQ/^n  will  remain  constant.  For 
this  load  determines  the  limiting  value  of  the  strain  during 
vibration  and  is  independent  of  the  particulai*  phase  of  vibra- 
tion, or  of  the  time  counted  from  the  instant  of  release.  It 
may  be  considered  as  the  moment  of  the  forces  which  the  other 
parts  of  the  entire  material  system  exert  upon  the  unit  cube. 

*  In  this  paper  changes  of  temperature  are  expressly  neglected.  The  changes 
of  temperature  produced  by  varying  stress  in  a  body  performing  vibrations  of 
small  amplitude  can  be  allowed  for  by  employing  'kinetic"  modnluses.  which 
are  a  little  greater  than  the  ordmary  '•  static  "  moduluses.  Thomson  and  Tait, 
Nat.  Phil ,  section  687. 
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Turning  now  to  the  first  member  of  (7),  values  of  a?,  and  y, 
appropriate  to  the  ease  in  hand  must  be  snbstitnted.     Each 

Eomt  of  the  unit  cube  during  shear  moves  on  an  equilateral 
yperbola,  so  that  if  x^y  y^  are  the  original  coordinates  of  a 
point,  ajj^j  =  ^oVo'  ^^"^  ^^  comer  of  the  cube,  whose  coordi- 
nates are  x  and  y,  the  path  is  auy  =  1.  Now  xjx^  =  x  and 
yJVo  =  y  80  that 

If  ip  is  the  area  which  the  radius  vector  of  the  point  a?,  y 
describes  during  strain,  it  is  well  known  that  2t^  =  xdy  —  ydx 
and,  since  in  this  case  xy  =  I,  it  is  easy  to  see  that 

2dip  =  2d  Iny 

Since  the  quantities  x  and  y  refer  to  a  single  point,  the  sign 

of  summation  does  not  affect  them,  and  the  first  member  of 

(7)  may  be  written 

d^lny  -,^ 
— =-^  22mxjj^ 
dC  °^® 

Here  one  may  write  for  m,  pdxjly^^  where  p  is  the  constant 
density  of  the  body ;  and  since  the  substance  is  uniform,  sum- 
mation may  be  performed  by  double  integration  between  the 
limits  unity  and  zero.     This  reduces  the  sum  to  />/2. 

Value  of  a.    Equation  (7)  thus  becomes 

dt"    ~p  *~6n 

the  second  member  being  constant.  Counting  time  from 
the  instant  of  release,  or  from  the  greatest  stram,  and  inte- 
grating y  between  the  limits  y  —  a  and  y  =  1  gives 

6/2      p 

It  is  now  time  to  introduce  the  hypothesis  that  the  vibra- 
tions are  isochronous.  It  is  a  well  known  result  of  theory 
and  experiment  that  a  rod  of  unit  length  with  one  end  fixed, 
executing  its  gravest  longitudinal  vibrations,  performs  one 
complete  vibration  of   small  amplitude  in   a  time   expressed 

by  Ai's/p/M,  In  the  equation  stated  above  t  expresses  the  time 
of  one-quarter  of  a  complete  vibration  or  the  interval  between 
the  periods  at  which  y  =  1   and  y  —  a.     Hence  for  a  small 

vibration,  t  as  here  defined  is  ^/p/M,  If  the  vibrations  are  to 
be  isochronous  irrespective  of  amplitude,  this  must  also  be  the 
value  of  ^  in  a  finite  vibration.     Hence  at  once 

the  same  result  reached  in  (5). 
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This  result  may  also  be  expressed  geometrically.  The 
quantity  Q/6n  is  simply  the  area  swept  by  the  radius  vector  of 
tne  point  x^  =  1,  y^  =  1.  This  area  is  also  the  integral  of 
ydx  from  x  =  1/a  to  a?  =  1,  or  the  integral  of  xdy  from  y  =  a 
to  y  =  1.  Thus  ^  represents  any  one  of  three  distinct  areas. 
In  terms  of  hyperbolic  functions,  a  =  Sin  jj  -f  Cos  ^  and  the 
amount  of  shear  is  2Sin  </f. 

It  appears  then  that  isochronous  vibrations  imply  that  in 
pure  shear  the  area  swept  by  the  radius  vector  of  the  corner 
of  the  cube,  or  Ina,  is  simply  proportional  to  the  load.  The 
law  proposed  by  Hooke  implies  that  the  length  a  —  1  is  pro- 
portional to  the  same  load.  The  law  commonly  accepted  as 
Hooke's  makes  a  — 1  proportional  to  the  final  stress,  or  (a  —  l)/a 
proportional  to  the  load. 

Value  of  h. — Knowing  the  value  of  a,  the  value  of  h  can 
be  found  without  resort  to  the  extreme  case  w  =  oo  .  In  the 
case  of  pure  elongation,  unattended  by  lateral  contraction, 
A  =  a  and  9A:  =  6;i.     If  a^  and  h^  are  the  ratios  for  this  case, 

If  three  such  elongations  in  the  direction  of  the  three  axes 
are  superimposed,  the  volume  becomes 

and  this  represents  a  case  of  pure  dilation  without  distortion. 
Here  however  a^  ■=  h^  and  therefore  the  case  of  no  distortion, 
irrespective  of  the  value  of  n,  is  given  by 

The  values  of  a  and  h  derived  from  the  hypothesis  of  iso- 
chronous vibrations  when  combined  evidently  give  the  same 
value  of  a'h  which  was  obtained  from  kinematical  considera- 
tions and  the  definition  of  isotropy  in  equation  (5). 

Jmw  of  elastic  force. — Let  s  be  the  distance  of  a  particle  on 
the  upper  surface  of  a  vibrating  cube  from  its  original  position 
or 

Then  the  elastic  force  per  unit  volume  is  minus  Q,  or 

P-^*"  —  Q=  -  Ml?l(8+l)=  -  ^5+-^ —   .... 

When  the  excursions  of  the  particle  from  the  position  of  no 
strain  are  very  small,  this  becomes 

a  familiar  equation  leading  to  simple  harmonic  motion. 
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Limitation  of  harmonic  vibrations. — ^While  the  theory  of 
harmonic  vibrations  is  applicable  to  very  small  vibrations  on 
any  theory  in  which  the  load  strain  curve  is  represented  as 
continuous  and  as  making  an  angle  with  the  axes  whose  tan- 
gent is  finite,  it  appears  to  be  inapplicable  in  all  cases  where 
the  excursions  are  sufficient  to  display  the  curvature  of  the 
locus.  If  the  attraction  toward  the  position  of  no  strain  in 
the  direction  of  oy  is  proportional  to  y— 1,  then  in  an  isotropic 
mass  there  will  also  be  an  attraction  in  the  direction  of  oot 
which  will  be  proportional  to  I— a?.  The  path  of  the  particle 
at  the  corner  of  a  vibrating  cube  will  therefore  be  the  resultant 
of  two  harmonic  motions  whose  phases  necessarily  diflfer  by 
exactly  by  one-half  of  the  period  of  vibration,  however  great 
and  however  different  the  amplitudes  may  be.  This  resultant 
is  well  known  to  be  a  straight  line.  Hence  the  theory  pre- 
cludes all  displacements  excepting  those  which  are  so  small 
that  the  path  of  the  corner  of  the  cube  may  properly  be 
regarded  as  rectilinear.  It  seems  needless  to  insist  that  such 
cannot  be  the  case  for  finite  strains  in  general. 

There  is  at  least  one  elastic  solid  substance,  vulcanized  India 
rubber,  which  can  be  stretched  to  several  times  its  normal 
length  without  taking  a  sensible  permanent  set.  K^ow  if  the 
ideal  elastic  solid  stretched  to  double  its  original  length  (or 
more)  were  allowed  to  vibrate,  the  hypothesis  of  simple  har- 
monic vibration  implies  that  this  lengtn  would  be  reduced  to 
zero  (or  less)  in  the  opposite  phase  of  the  vibration,  a  manifest 
absurdity. 

Va^nation  of  pitch  hy  Hookers  taw, — It  remains  to  be  shown 
that  if  the  commonly  accepted  law  were  applicable  to  finite 
strain,  sonorous  vibrations  would  be  accompanied  by  changes 
of  pitch  which  could  scarcely  have  escaped  detection  by  musi- 
cians and  physicists.  Experiments  have  shown  that  the  elon- 
f Ration  of  steel  piano  wire  may  be  pushed  to  00115  before  the 
imit  of  elasticity  is  reached.*  Since  virtuosos  not  infre- 
quently break  strings  in  playing  the  piano,  it  is  not  unreason- 
able to  assume  that  a  one  per  cent  elongation  is  not  seldom 
attained.     In  simple  longitudinal  vibration  the  frequency  of 

vibration  is  expressed  by  1/4  of  v^JfT/^o,  and  if  according  to 
Hooke's  law,  8  =  Q/M^  where  Q  is  the  load,  the  number  of 
vibrations,  v^  may  be  written 

If,  on  the  other  hand,  according  to  the  theory  of  this  paper, 
ln{l-{-s)  ■■=  Q/ M  the  number  of  vibrations,  w,  may  be  written 

*  From  Gxperiments  on  Knglish  steel  piaao  wire  by  Mr.  D.  McFarlane. 
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w=  -a/ ^ 80  that  -  =■  A/ 


ln{\+8) 


pln{i-\-s)  ^^        ^  s 

If  «  =  O'Ol,  this  expression  gives  v/ti  —  400/401. 

It  would  appear  then  that  on  the  hypothesis  of  Hooke,  a 
note  due  to  longitudinal  vibrations  of  about  the  pitch  G^ 
would  give  a  lower  note  when  sounding  fortissimo  than  when 
sounding  pianissimo,  and  that  the  difference  would  be  one 
vibration  per  second,  or  one  in  four  hundred.  But  accord- 
ing to  Weber's  experiments  experienced  violin  players  distin- 
guish musical  intervals  in  melodic  progressions  no  greater  than 
1000/1001,  while  simultaneous  tones  can  be  still  more  sharply 
discriminated."*^  The  value  of  s  corresponding  to  v/u  —  1000/ 
1001  is  only  0004,  and  consequently  strains  reaching  only 
about  one-third  of  the  elastic  limit  of  piano  wire  should  give 
sensible  variations  of  tone  during  the  subsidence  of  vibrations 
if  Hooke's  law  were  correct. 

Longitudinal  vibrations  are  not  so  frequently  employed  to 
produce  notes  as  transverse  vibrations.  The  quantity  Jif/p 
enters  also  into  the  expression  for  the  frequency  of  transverse 
vibrations  though  in  a  more  complex  manner.  In  the  case  of 
rods  not  stretched  by  external  tension,  the  ratio  v/u  would 
take  the  same  form  as  in  the  last  paragraph.  One  theory  of 
the  tuning-fork  represents  it  as  a  bar  vibrating  with  two  nodes, 
and  thereiore  as  comparable  to  a  rod  resting  on  two  supports. 

A  pair  of  chrononaetrical  tuning-forks  could  be  adjusted  to 
determine  much  smaller  differences  in  the  rate  of  vibration 
than  1000/1001 ;  for  the  relative  rate  of  the  forks  having  been 
determined  on  a  chronographic  cylinder  for  a  certain  small 
amplitude,  one  fork  could  be  more  strongly  excited  than  the 
other  and  a  fresh  comparison  made.  The  only  influences  tend- 
ing to  detract  from  the  delicacy  of  this  method  of  determining 
whether  change  of  amplitude  alters  pitch,  would  seem  to  be 
the  diflSculty  of  sustaining  a  constant  amplitude  and  the  differ- 
ence of  temperature  in  the  two  forks  arising  from  the  dissipa- 
tive  action  of  viscosity. 

Conclusion, — The  hypothesis  that  an  elastic  isotropic  solid 
of  constant  temperature  is  such  as  to  give  absolutely  isochron- 
ous longitudinal  vibrations  leads  to  the  conclusion  In  {a'^h)= 
Q/M  without  any  apparent  alternative.  Comparison  with  the 
results  of  Hookers  law  shows  that,  if  this  law  were  applicable 
to  finite  vibrations,  easily  sensible  changes  of  pitch  would 
occur  during  the  subsidence  of  vibrations  in  strongly  excited 
sonorous  bodies. — The  logarithmic  law  is  the  same  deduced  in 
the  earlier  part  of  the  paper  from  the  ordinary  definition  of 
the  ideal  elastic  isotropic  solid,  based  upon  experiments  on 

^Helmholtz,  ToDempfindungen,  page  491. 
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very  small  strains,  in  combination  with  purely  kinematical 
considerations. — There  can  be  no  doubt  that  the  law  here  pro- 
posed would  simplify  a  great  number  of  problenas  in  the 
dynamics  of  the  ether  and  of  sound,  as  well  as  questions  aris- 
ing in  engineering  and  in  geology,  because  of  the  simple  and 
plastic  nature  of  the  logarithmic  function.  In  the  present 
state  of  knowledge,  the  premises  of  the  argument  can  scarcely 
be  denied ;  whether  the  deductions  have  been  logically  made 
must  be  decided  finally  by  better  judges  than  myself. 

Washington,  D.  C,  July,  1893. 


Art.  XLIX.  —  On  Powellite  from  a  new  Locality ;  by 
George  A.  Koenig  and  Lucius  L.  Hubbard,  Michigan 
Mining  School,  Houghton. 

The  material  for  this  investigation  was  found  in  the  2l8t 
level  of  No.  8  shaft  South  Hecla  Copper  Mine,  Houghton  Co., 
Michigan,  in  the  fall  of  1892.  It  came  into  tbe  possession  of 
the  authors  through  Mr.  John  T.  Reader  of  the  Tamarack 
mine. 

Three  small  pieces  were  obtained,  which  had  evidently  re- 
sulted from  the  breaking  up  of  a  larger  piece — altogether 
about  45  grams.  In  its  present  conditiqm  it  appears  homo- 
geneous, that  is  to  say,  there  is  no  other  mineral  associated 
with  it  except  a  trace  of  native  copper.  The  finder  states 
that  the  three  pieces  were  lying  in  a  cavity.  The  specimen, 
when  examined  with  the  lens,  exhibits  an  irregular  polysyn- 
thetic  structure.  Some  of  the  aggregates  terminate  in  a  more 
or  less  distinct  pyramid.  Three  of  the  small  groups  were 
detached  for  measurement.  The  signals  were  not  very  dis- 
tinct, and  the  results,  therefore,  are  only  approximate. 

Basal  Qdge  49°  15';  pole  edge  79^  59'. 

The  powder  yields  microscopic,  positive  and  uniaxial  images 
and  the  tetragonal  symmetry  may  be  assumed  as  fairly  estab- 
lished.    Mellville"^  gives  for  powellite: 

111  A  III  =  40°  12;   111  A  101  =  80°  1'. 

Two  cleavages  were  observed,  one  distinct  and  apparently 
parallel  to  111,  the  other  imperfect,  parallel  to  001.  Hardness 
=  4'5.  Spec.  Gr.  =  4*849.  The  color  is  pale  bluish  green ;  in 
patches  it  is  deep  olive-  or  asparagus-green.  The  luster  is 
vitreous  and  unctuous.  A  thin  section  of  the  mineral  under 
the  microscope  showed  high  double  refraction  (colors  of  the 

*This  Journal,  No.  242,  p.  138,.Febr.,  1891. 
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third  to  fourth  order),  and  dichroism  (a  =  blue,  y  =  green). 
Before  the  blowpipe  the  mineral  is  infusible,  decrepitates,  and 
in  the  closed  tube  gives  no  volatile  products.  With  the  fluxes, 
borax  and  microcosmic  salt,  the  reactions  are  strongly  indica- 
tive of  molybdenum  and  faintly  of  tungsten.  The  salt  of 
phosphorus  bead  in  the  inner  name  being  emerald  green  for 
molybdenum  and  blue  for  tungsten,  it  is  evident  that  tungsten 
cannot  be  directly  recognized  when  present  in  small  quantity 
alongside  of  molybdenum,  except  in  a  modification  of  the 
green  color.  One  mg.  of  the  mineral  being  dissolved  in  50"*^ 
of  vitrified  microcosmic  salt  and  0'8™*  of  MoO,  (specially  puri- 
fied) in  the  same  quantity  of  the  salt,  both  treated  thoroughly 
in  the  inner  flame,  exhibit  very  nearly  the  same  color  on  cool- 
ing ;  it  is  noticed,  however,  that  the  bead  containing  the  mine- 
ral is  slightly  fainter  in  intensity  and  of  a  slightly  increased 
bluish  green.  Without  such  comparative  test  the  examiner 
would  not  be  aware  of  any  difference.  The  tine  powder  dis- 
solves readily  in  hydrochloric  and  nitric  acids,  making  slightly 
yellow  solutions  in  which  an  excess  of  ammonium  hydrate 
produces  but  a  very  slight  flocculent  precipitate  (Fe(HO)„  SiO,). 
When  the  fine  powder  (0*1°^^)  is  mixed  with  potassium-hydro- 
gen sulphate,  moistened  with  a  drop  of  water,  and  the  paste 
kneaded  on  the  palm  of  the  hand,  it  assumes  a  deep  blue  color, 
which  intensifies  at  first  upon  breathing  upon  the  material, 
but  on  continued  breathing  the  color  fades  away  and  finally 
disappears  altogether.  The  color  may  be  brought  back  by 
heating  the  paste  on  plat. -foil  and  by  again  breathing  upon  it 
(The  latter  part  of  this  delicate  reaction  for  Mo  seems  to  be 
new).  If  1™^  of  the  mineral  be  dissolved  in  T^  of  cone.  HCl 
and  tin  foil  be  added,  the  solution  turns  first  green,  then  color- 
less and  then  carmine  red.  It  is  stated  in  all  text  books  that 
acid  molybdic  solutions  turn  brown  or  brown  red  when  treated 
with  Zn  or  Sn.  This  is  true  for  Zn  but  not  for  Sn.  The 
ammoniacal  solution  precipitates  with  oxalic  acid  white  CaCjO^ 
and  thus  the  mineral  is  proved  to  be  essentially  a  calcium 
molybdate.  The  quantitative  separation  of  the  oxides  of  Mo 
and  W  is  not  possible  by  any  of  the  published  methods.  The 
following  two  analyses  were  made  by  two  independent  methods. 
In  (I)  Mo  and  W  were  precipitated  by  IIg^(NO,)j,  and 
weighed  as  nearly  white  oxides.  These  were  then  subjected 
at  a  yellow  heat  to  a  current  of  dry  air  until  no  further  volatil- 
ization was  noticed.  A  small  bluish  green  residue  was  left  in 
the  boat.  In  microcosmic  salt  this  residue  gave  a  bead  pur- 
plish gray  instead  of  blue.  With  borax  the  reaction  for  Mo 
was  obtained.  It  was  found  by  colorimetric  trials  that  a  mix- 
ture of  oxides  (specially  purified) 

wo        1'7'"S 

of     MoO.  J-3-  i-^  S-  PI'-  50- 
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produced  just  such  a  nearly  colorless  bead  as  the  above  residue. 
Upon  this  proportion  is  based  the  percentage  of  WO,  in 
analysis  (I). 

The  results  of  analysis  (II)  are  the  most  satisfactory  of 
several  trials.  The  methods  followed  are  those  of  H.  Rose 
and  V.  der  Pfortden — precipitation  of  MoS,  in  tartaric  solution. 
It  was  found  that  the  MoS.  after  repeated  solution  and  pre- 
cipitation and  final  reduction  to  the  metal  would  still  leave  a 
residue  upon  volatilization,  which  reacted  in  raicrocosmic  salt 
like  the  one  in  (I).*     The  sulphides  were  weighed  and  aliquot 

f portions  reduced  to  metal  in  a  current  of  dry  hydrogen,  and 
rom  these  weights  of  the  metals  the  figures  are  deduced. 

I.  II. 

M0O3 65-74  67'84 

WO, 4-50  1-65 

CaO 27-41  27-30 

MgO 16 

Fe^O, undet.  '96 

SiO, 1-52 

Cu trace 


97*65  99-43 

The  percentages  of  WO,  in  (1)  and  (II)  may  be  taken  as  a 
maximum  and  minimum  respectively.  Possibly  the  mean  of 
the  two  is  near  the  true  percentage.  In  order  to  forua  a  normal 
tungstate  and  molybdate  we  have 

for  (I)  MoO,  65-74  require 25-56  CaO 

WO3      4-50  require 1*09  +076 

26-65 

for  (II)  MoO,  67-84  require 26-38  CaO 

WOg      1-65  require 0*40 


26-78     +0-52 

Analysis  (II)  with  its  plus  of  0*52,  and  (I)  with  its  plus  of 
0*76  of  CaO  are,  neither  of  them,  up  to  the  theoretical  require- 
ment, but  we  do  not  know  what  role  SiO,  plays.  The  latter 
must  be  present  as  a  silicate  decomposable  by  HOI  and  NHO„ 
for  these  acids  leave  no  residue  when  acting  on  the  powder. 

It  may  be  questioned  whether  Melville  was  justified  in 
speaking  of  his  powellite  as  practically  pure  calcium  molybdate, 
it  showing  over  10  per  cent  WO,.  This  name  would  properly 
go  to  the  intermediate  combinations  of  calcium  tungstate  and 
calcium  molybdate.  The  pure  molybdate  awaits  discovery 
and  should  then  be  given  a  new  name. 

*This  residue  was  found,  by  calculatioD,  to  contain  an  amount  of  W  that 
could  not  exceed  0*984  per  cent  WO3. — L.  L.  H. 


Patterson  and  Arnold — Electrical  Oscillations^  etc.     359 


Art.  L. — On  Increasing  the  Frequency  of  Electrical  OsciUa- 
tions ;  by  A.  H.  Patterson  and  C.  H.  Arnold. 

The  experiments  of  Hertz  showed  that  the  sparks  from  a 
transformer  are  complex  and  that  only  certain  sparks,  charac- 
terized by  peculiar  light  and  noise,  are  capable  of  awakening 
resonance  in  neighboring  circuits.      In   fig.  1,    G  represents 


TTZl 


^T         ^zl^  Jg->pr    I    c 


a  suitable  alternator,  P  the  primary,  S  the  secondary  of  a 
transformer,  B  an  air  gap,  C  a  suitable  condenser.  Each 
impulse  of  the  generator  Gr  causes  a  corresponding  impulse  in 
the  circuit  S.  If  the  condenser  C  is  suitably  charged,  at  each 
impulse  of  the  generator  sparks  will  oscillate  across  the  air- 
gap,  B.  The  time  of  oscillation  of  one  kind  of  sparks  will  be 
dependent  upon  the  capacity  and  self  induction  in  the  circuit 
dj  a,  J,  c,  while  the  time  of  oscillation  of  another  species  of 
sparks  will  depend  upon  the  self  induction  A  and  S  and  the 
capacity  C.  In  general  the  transformer  S  serves  as  a  choking 
coil,  and  the  time  of  oscillations  of  the  spark  at  B  can  be  ob- 
tained from  the  expression  t  =  2;r'\/LC,  given  by  Lord  Kelvin 
in  a  paper  on  the  theory  of  transient  currents,  a  paper  in  which, 
as  it  has  been  well  said.  Lord  Kelvin  has  packed  the  whole 
theory  of  transient  currents. 

It  is  evident,  therefore,  that  only  those  sparks  which  occur  in 
a  circuit  of  definite  self  induction  and  capacity  can  awaken 
sparks  in  a  circuit  of  equal  self  induction  and  capacity.  Hertz's 
work  has  seemed  to  illustrate  the  laws  which  Lord  Kelvin  and 
Maxwell  have  deduced  from  theory,  and  the  commercial  uses 
of  alternating  dynamo  machines  have  enabled  recent  experi- 
menters to  show  many  well  known  phenomena  on  a  much 
larger  scale  than  was  possible  when  the  old  form  of  transformer 
known  as  the  Ruhmkorf  coil  was  excited  merely  by  batteries. 
There  is  danger,  however,  that  in  the  successful  attempts  to 
increase  the  scale  of  representation  of  the  remarkable  efforts 
obtained  by  Professor  Crookes  the  distinction  between  impulse 
and  oscillation  may  become  obscured. 

An  impulse  is  a  sudden  throb  of  a  current  which  is  pro- 
duced by  a  change  in  electromotive  force.  A  generator,  for 
instance,  giving  400  alternations  of  current  per  second  will 
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send  400  impalses  through  the  outside  eircait.     If  the  well 

R'      4 
known  relation  y-  <C7T  holds  in  that  circuit  a  number  of  oscil- 

lations  will  follow  each  impulse.  Among  recent  writers  Mr. 
Tesla  is  especially  vague  on  this  point.  For  instance  on  page 
40  of  his  little  book  of  "  Experiments,''  speaking  of  one  of 
his  dynamos  he  says,  *'  It  is  capable  of  giving  currents  of  a 
frequency  of  about  10,000  a  second."  Here  and  undoubtedly 
throughout  the  book  he  uses  the  expression  frequency  of  a 
current  for  its  frequency  of  impulse ;  but  in  his  last  lecture 
he  says,  in  regard  to  reducing  frequency,  "  This  I  may  do  by 
inserting  a  self  induction  coil  in  the  path  of  the  discharges  or 
by  augmenting  the  capacity  of  the  condensers."*  Here  he 
must  use  frequency  of  the  currents  for  frequency  of  oscilla- 
tion of  current  because  the  number  of  electric  impulses  per 
second  given  by  the  dynamo  cannot  be  lowered  by  any  arrange- 
ment of  self  induction  and  capacity,  while  the  theory  of  tran- 
sient currents  shows  that  the  frequency  of  oscillation  can  be 
reduced  in  either  of  the  ways  suggested  in  the  passage  just 
quoted.  The  same  writer  expresses  himself  in  a  vague  man- 
ner on  another  point — the  relation  between  the  frequency  of 
oscillation  in  the  primary  and  that  in  the  secondary  of  a  trans- 
former. It  can  be  shown  that  the  frequency  of  oscillation  in 
the  primary,  in  general,  does  not  affect  the  electrical  oscilla- 
tions in  the  secondary — unless  the  circuits  are  in  resonance. 
The  body  of  the  pilot  spark  as  shown  by  photographic  study 
is  much  greater  than  that  of  the  spark  due  to  any  succeeding 
oscillation.  The  sparks  due  to  the  oscillations  which  follow 
the  pilot  spark  decay  rapidly  according  to  the  laws  of  transient 

currents  in  proportion  to  E     2l,  so  that  all  oscillations  except 

the  first  one  in  the  primary  have  little  effect  upon  a  secondary 
circuit  unless  the  two  circuits  are  in  resonance,  which  in  gen- 
eral is  not  the  case  in  the  experiments  shown  by  Mr.  Tesla. 

The  number  of  impulses  per  second  in  a  secondary  coil  is 
exactly  the  same  as  the  number  in  the  primary  but  the  num- 
ber of  oscillations  in  the  secondary  may  be  greater  or  less 
than  those  in  the  primary.  Electrical  oscillations  cannot  be 
transformed  in  the  same  way  as  electric  impulses.  Although 
this  statement  is  susceptible  of  mathematical  proof,  we  have 
thought  it  desirable  to  study  the  transformation  of  electrical 
oscillations  by  the  photographic  method  employed  by  Federsen, 
Lorenz,  Trowbridge  and  others.  The  apparatus  was  that  de- 
scribed by  Prof.  Trowbridge,  t  The  arrangement  of  our  appa- 
ratus is  shown  in  fig.  1.  G  was  an  alternating  dynamo,  which 
gave  a  current  of  26*5  amperes  at  400  complete  alternations 
per  second  through  the  primary  P  of  a  transformer  the  sec- 

*  The  Electrical  World,  vol.  xxi,  No.  22,  p.  414.        f  ^^^  Mag^  Dec^  1891. 
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ondary  of  which  S,  had  a  resistatice  of  2000  ohms  and  a  self 
induction  of  47*64  Henrys.  The  number  of  turns  of  S  was 
23*700.  A  was  a  choking  coil  of  3200  ohms  resistance  and  a 
self  induction  of  34*84  Henrys.  B  was  a  spark  gap  and  C  a 
condenser  formed  of  metallic  plates  8x10  inches,  which  were 
immersed  in  castor  oil  at  a  distance  of  half  an  inch  from  each 
other.  The  capacity  of  the  oil  condenser  was  6500  electro- 
static units.  Since  the  circuits  a,  b,  c,  d  and  a,  J,  S  A  are 
two  circuits  through  which  electrical  oscillations  can  surge  and 
since  they  have  very  different  values  of  L   and  C,  formula 

(1)  ^=2;ry'LC  indicates  that  the  frequency  of  oscillation  in 
the  one  is  quite  different  from  that  in  the  other.  Since  the 
oscillations  of  both  circuits  must  vibrate  between  the  termi- 
nals at  B  it  would  seem  that  the  photographic  image  of  the 
spark  at  B  would  be  made  up  of  these  two  sets  of  oscillations. 
Obtaining  the  value  of  t  for  the  circuit  a,  J,  c,  d  from  eq.  (1) 
we  find  it  to  be  exactly  equal  to  that  obtained  from  a  study  of 
the  photograph  of  the  spark  at  B.  There  are,  undoubtedly, 
oscillations  also  in  the  circuit  a,  J,  S,  A.  The  large  capacity 
C  and  the  great  self  induction  of  A  and  S  however  make  the 
value  of  t  in  eq.  1  very  large  for  this  circuit.  So  large  that  in 
the  case  under  consideration  the  oscillations  are  even  fewer 
than  the  impulses  of  the  generator  in  the  circuit  «,  J,  S,  A. 
Indeed  it  is  impossible  to  force  oscillations  through  a  compara- 
tively small  self  induction  without  making  t  comparatively 
large. 

Fig.  2  shows  another  arrangement  of  apparatus.     A  second 
transformer  has  been  added,  through  the  transformer  of  which 


I 


C 


it  has  attempted  to  force  the  oscillations  of  the  spark  at  B. 
The  spark  gap  was  placed  in  a  very  strong  magnetic  field. 
The  transformer  was  a  copy  of  that  described  by  Mr.  Tesla.* 
The  secondary  S'  of  this  transformer  was  wound  in  two 
parts  with  260  turns  in  each  part,  the  whole  resistance  be- 
ing 24  ohms.  The  wire  was  heavily  insulated  with  gutta 
percha  and  there  was  no  iron  core.  The  self  induction  did 
not  exceed  001  Henry.  Owing  to  the  self  induction  of  P' 
the  time  of  oscillation  in  the  circuit  enclosing  P',  C,  and  B  was 
large — a  few  thousandths  of  a  second.    If  the  circuit  composed 

*  Experiments  with  alternating  currents  of  high  frequency  and  high  potential, 
pp.  16-17. 
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of  S'  and  C  had  a  product  LC  equal  to  that  of  the  circuit  P',  C, 
B  the  time  of  oscillation  in  the  two  circuits  would  be  the  same : 
but  since  the  products  LC  and  UQ'  in  the  two  currents  are 
quite  diflFerent — the  values  of  t  are  also  different.     The  photo- 

§raphic  study  of  the  sparks  bore  out  the  truth  of  theoretical 
eductions  and  showed  conclusively  that  electrical  oscillations  in 
a  primary  current  in  general  do  not  give  rise  to  a  higher  number 
of  oscillations  in  a  secondary  circuit.  If  a  higher  number  of  oscil- 
lations occur  in  a  secondary  circuit  than  exist  in  a  primary, 
there  must  be  an  air  gap  in  this  secondary  circuit  and  a  suit- 
able arrangement  of  condensers  and  self  induction.  The 
oscillations  which  surge  across  such  an  air  gap  in  the  secondary 
in  general  have  no  relation  to  the  oscillations  across  their  gap 
in  the  primary  circuit  unless  the  circuits  are  in  resonance. 
Our  conclusion  on  this  point  is  therefore  this :  the  pilot  spark 
of  a  primary  circuit  can  give  a  series  of  impulses  in  a  second- 
ary— an  increase  of  electromotive  may  result — which  can 
force  a  spark  across  an  air  gap  in  this  secondary.  The  oscilla- 
tions however  of  this  last  mentioned  spark  are  not  determined 
in  general  by  the  oscillations  of  the  spark  in  the  primary,  and 
are  dependent  upon  the  arrangement  of  self  induction  and 
capacity  in  the  secondary  circuit. 

In  the  course  of  our  experiments  to  test  the  question  of  in- 
creasing the  frequency  of  electrical  oscillations  we  were  led  to 
examine  the  function  of  the  magnetic  field  and  the  air  blast 
in  the  transformation  of  electrical  impulses.  When  the  spark 
B,  figures  1  and  2,  occurs  in  a  strong  magnetic  field  and  there 
are  no  condensers  in  the  circuit  it  is  instantly  blown  out  with  a 
sharp  report.  With  comparatively  small  capacity  connected 
with  the  spark  terminals  a  torrent  of  sparks  leap  between  the 
spark  terminals.  Without  the  magnetic  field  these  sparks  fill 
a  globular  space  between  the  terminals.  When  the  magnetic 
field  is  made,  this  spherical  space  is  transformed  into  a  plane  of 
sparks,  showing  in  a  striking  manner  the  Amperian  law  of 
repulsion  and  attraction  of  currents.  The  amount  of  light 
emitted  by  the  passage  of  the  sparks  is  also  greatly  increased 
by  the  passage  of  the  sparks  in  the  magnetic  field ;  and  it  is 
interesting  to  observe  the  breaking  away,  so  to  speak,  of  the 
sparks  from  the  surfaces  of  the  terminals  far  from  the  actual 
points.  The  increase  of  light  is  doubtless  due  to  the  blowing 
out  of  the  unidirectional  fuzzy  spark  which  if  it  is  not  blown 
out  acts  like  a  voltaic  arc  and  prevents  the  condensers  from 
becoming  fully  charged.  When  the  condenser  surface  is 
increased  to  the  proper  limit,  sparks  of  larger  body  take  the 
place  of  the  thread-like  sparks,  and  the  spreading  out  into  a 
plane  is  no  longer  observed.  Professor  Boys  from  'certain  eye 
observations  has  concluded  that  a  strong  magnetic  field  has  no 
effect  upon  the  oscillations  of  a  spark.  We  have  tested  this  point 
hy  taking  photographs  oi  aii  o^cllkting  spark  both  in  and  oot 
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of  a  strong  magnetic  field  and  are  able  to  substantiate  his 
result ;  for  no  effect  of  the  field  was  observed.  The  function 
of  the  magnetic  field  and  the  air  blast  therefore  appears  to 
reside  in  the  blowing  out  of  a  species  of  voltaic  arc  which 
would  tend  to  prevent  the  full  charge,  and  the  quick  discharge 
of  a  condenser. 

While  we  have  dwelt  in  this  paper  principally  upon  the 
point  of  the  difference  between  impulse  and  electrical  oscilla- 
tion and  upon  the  possibility  of  transforming  one  and  of  the 
limits  of  transformation  of  the  other,  we  are  led  also  to  speak 
of  the  importance  of  adjusting  the  rate  of  frequency  of  the 
impulses  of  the  generator  to  the  time  of  charging  the  con- 
denser which  is  employed.  It  is  evident  that  the  rate  of  the 
generator  should  not  be  higher  than  the  time  taken  to  charge 
the  condenser :  for  in  that  case  the  quantity  of  discharge  would 
be  less  than  that  which  might  be  obtained  with  a  slower  rate 
of  alternation  in  the  generator.*  For  spectrum  analysis  we 
have  found  that  a  generator  giving  400  alternations  per  second 
gave  better  results  with  various  dielectrics  than  an  alternator 
giving  1000  alternations  per  second. 

JefiFersoD  Physical  Laboratory. 
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Island,  E.  I ;  by  L.  V.  riRSSON. 

Conanicut  Island,  lying  in  Narragansett  Bay  in  Khode 
Island  and  crossed  by  the  meridian  71°  23'  of  west  longitude 
and  the  parallel  41°  30'  of  north  latitude,  is  about  nine  miles 
long  in  its  greatest  extent  and  nowhere  much  over  a  mile  in 
breadth.  As  will  be  seen  by  reference  to  the  map  of  fig.  1  it 
consists  in  reality  of  two  portions,  one  large,  the  other  much  . 
smaller,  connected  by  a  curving  sand  beach  about  an  eighth  of 
a  mile  long  and  nowhere  much  above  a  hundred  yards  in 
breadth. 

The  island  consists  in  the  main  of  extremely  fissile  soft 
shales,  which  weathering  easily  have  determined  the  topog- 
raphy and  given  rise  to  smoothly  rounded  slopes  and  low 
hills.  The  highest  point  is  about  135  feet  above  sea  level. 
These  smooth  and  undulating  surfaces  afford  therefore  no 
exposures  of  the  underlying  rocks  and  it  is  only  alon^  the 
shores  where  the  constanc  gnawing  of  the  waves  has  cut 
into  the  soft  shales,  making  in  places  rugged  shore  lines,  that 

*  Indeed  the  rate  of  the  alternator  may  be  so  rapid  that  a  large  condenser  in 
the  circuit  can  be  made  to  appear  of  small  capacity.  And  under  these  condi- 
tions the  condenser  will  not  serve  to  annul  self  induction.  The  time  of  the  re- 
sidual charges  must  also  be  taken  into  account.  The  charging  of  a  condenser, 
therefore,  by  means  of  an  alternator  is  far  from  a  simple  ptienom^Tiow. 
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the  rockfi  can  be  stndied.  To  this  geDcral  character,  howerer, 
the  extreme  southern  end  of  the  main  portion  affords  a  nota- 
ble exception:  at  this  point  a  stock  of  intrnded  granite  and 
tough  hornetone  rocks  resuUing  from  the  metamorphism  of 
the  shales  afford  by  their  superior  resisting  properties  a  gronp 
of  low,  ragged  and  rocky  hills,  precipitons  water  fronts  and 


outlying  islets,  which  are  known  under  the  name  of  the 
Dumplings.  This  portion  of  the  island  has  become  a  well 
kno^Tii  seaside  resort  and  the  hills  are  dotted  with  summer 
villas.     A  map  of  it  is  shown  in  lig.  2. 
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Everywhere  on  the  island  occur  bowlders  of  the  glacial 
drift,  amoQf;  which  by  far  the  most  common  rock  is  a  coarse 
conglomerate  containing  ronnded  granitic  and  qnartzose  pebbles ; 
fnrthermore  this  conglomerate  is  seen  in  the  bowlders  not  only  in 
normal  condition  but  also  at  times  evincing  the  fact  that  before 
removal  it  had  suffered  dynamic  pressures  resaiting  in  a  gneis- 

Pig.  2. 


sold  condition,  Masses  of  it  from  six  to  eight  feet  in  diameter 
occur  at  times.  Granite,  gneiss  and  slates  occur  also  as  bowl- 
ders and  pebbles  in  the  drift  The  island  is  coveied  with  a 
fertile  soil  but  is  too  narrow  to  give  rise  to  any  but  inconsid- 
erable drainages. 
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Historical. — We  are  indebted,  so  far  as  I  have  been  able  to 
discover,  to  Jackson*  for  the  first  map  and  geological  descrip- 
tion of  Conanicut.  He  regards  the  shales  forming  the  main 
portion  of  the  island  as  of  Carboniferous  age  and  the  granite 
as  intrusive  in  nature  and  describes  very  clearly  and  correctly 
the  metamorphoses  suffered  by  sedimentaries  by  the  intrusion 
of  an  igneous  rock.  He  also  gives  a  few  dips  and  strikes  that 
are  in  the  main  correct.  The  same  views  were  also  held  by 
President  Hitchcock. f  It  is  to  be  noted  that  these  observers 
correlated  the  granite  and  other  rocks  with  the  granite  and 
rocks  on  Newport  Neck  adjacent.  They  were  substantially 
the  views  of  C.  H.  Hitchcock:]:  and  also  of  T.  Sterry  Hunt§ 
except  slight  variations  as  to  the  age  of  a  portion  of  the  sedi- 
mentary beds  at  Newport.  Various  papers  have  been  pub- 
lished by  different  authors  also  on  the  Narragansett  basin  as  a 
whole,  treating  the  subject  from  various  points  of  view.  Since, 
however,  in  so  far  as  Conanicut  is  concerned,  they  do  not 
appear  to  be  based  on  personal  observation  and  the  island  is 
not  directly  named,  they  are  not  given  here.  For  a  list  of 
them  the  reader  is  referred  to  a  paper  by  T.  N.  Dale.||  This 
latter  author  in  1884Tf  gives  in  a  paper  on  the  geology  of  the 
lower  part  of  the  basin,  a  pretty  full  account  of  Conanicut, 
based  chiefly  on  a  series  of  stratigraphical  studies.  He  correlates 
the  granite  with  that  on  Newport  Neck  and  on  stratigraphical 
grounds  does  not  regard  it  as  intrusive  but  as  the  lowest  of  his 
series  and  a  metamorphic  product.  He  describes  the  lithologic 
character  of  the  various  schists,  shales,  etc.,  and  gives  a  large 
number  of  dips  and  strikes.  Since,  however.  Dale,  on  Conani- 
cut at  least,  mistook  slaty  cleavage  for  bedding,  his  conclu- 
sions, based  as  they  are  on  largely  mistaken  stratigraphy,  can- 
not be  admitted.  That  this  mistake  was  made,  is  evident,  not 
alone  from  the  given  dips  and  strikes,  but  in  the  paper  itself, 
wluire  he  several  times  mentions  the  shales  as  being  "  striped 
across  the  bedding."  This  striping  is  however  the  original  bed- 
ding cut  across  by  slaty  cleavage ;  in  many  places  on  Conanicut 
the  cleavage  and  bedding  are  parallel  but  generally  not. 

Geologically  the  sedimentary  beds  of  Conanicut  are  of  Car- 
boniferous age,  as  is  shown  by  their  correlation  with  the  coal- 
bearing  strata  of  the  region.  Moreover  on  the  most  western 
point  of  the  main  portion  at  X,  iig.  1,  fossil  plants  are  found  of 
Carboniferous  species  according  to  Dr.  A.  E.  Foerste.  In 
general  these  sedimentaries  are  made  up  of  an  extremely 
fissile  shale  or  phyllite,  varying  in  color  from  grayish  green  or 

*Geol.  Surv.  Rhode  Island,  1840,  pp.  89-92. 

f  E.  Hitchcock,  Geol.  Mass.,  1841,  pp.  5H7-552. 

|Geol.  Is.  Aqnidneck,  Proc.  Am.  Ass.  Adv.  Sci.,  1860,  pp.  119,  121,  126. 

^  Proc.  Bost.  Soc  Nat.  Hist ,  vol.  xiv,  1869. 

[Proc.  Bost.  Soc.  Nat.  Hist,  vol.  xxii,  p.  179,  1883. 

f  This  Journal,  vol.  xxvii,  1884,  pp.  217-226,  282-291. 
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silver-gray  to  varieties  dark  chocolate  to  black  in  tone.  The 
light  varieties  are  well  exposed  along  the  eastern  shore  as  at 
Potter's  Point  where  the  dark  varieties  also  occur  in  thin  beds. 
The  darker  varieties  occur  also  along  the  shores  of  Mackerel 
Cove.  Frequently  the  two  are  interbedded  in  extremely  thin 
layers  but  an  inch  or  so  in  thickness,  which  cut  across  at  an 
angle  by  the  planes  of  cleavage  gives  a  peculiar  ribboned 
appearance  to  the  outcrops,  this  being  well  shown  along  the 
east  shore  of  Mackerel  Gove  in  B  5,  fig.  2.  The  dark  shales 
sometimes  contain  small  garnets  in  vast  numbers  and  some- 
times staurolite,  while  the  green  shales  do  not  as  they  are 
deficient  or  wholly  wanting  in  lime  as  shown  by  the  analysis 
given  later.  There  are  also  at  X,  fig.  1,  a  few  outcrops  of  a 
pudding  stone  or  rather  coarse  conglomerate  and  also  of  some 
micaceous  sandstones. 

When  we  attempt,  however,  to  unravel  the  stratigraphy  of 
these  beds  we  are  met  by  great  diflSculties ;  as  before  said,  there 
are  no  outcrops  except  at  the  shores ;  here  however,  with  few 
exceptions,  they  are  either  exposures  of  the  planes  of  slaty 
cleavage  on  which  the  strike  of  the  beds  may  be  seen  but  from 
which  their  dip  cannot  be  determined,  or  of  such  a  nature  that 
neither  strike  nor  dip  can  be  told.  In  general,  so  far  as  can  be 
made  out,  the  strike  of  the  beds  on  Gonanicut  is  north  and 
south  and  the  dip  east.  Along  the  shore  from  the  ferry  to 
Potter's  Point,  the  strike  is  nearly  north  and  south — the  dip 
cannot  be  safely  told  ;  at  Potter's  Point  the  strike  changes  witn 
a  short  radius  and  runs  out  under  the  water  in  a  northeast 
direction.  At  this  point  a  large  number  of  small  faults  with 
small  displacements  can  be  seen.  Along  the  Beaver-tail  por- 
tion of  the  island  the  strike  is  about  north  and  south,  the  dip 
which  varies  considerably  to  the  east.  The  same  is  true  along 
the  east  shore  of  Mackerel  Gove  the  dip  varying  from  10°-30°  ; 
at  a  point  nearly  at  the  top  of  B  6  there  is  a  small  but  excel- 
lent exposure  which  shows  the  beds  bent  into  a  half  circle  with 
radius  of  little  more  than  a  foot,  the  convex  side  to  the  east ; 
this  must  have  been  an  overfold  and  gives  evidence  of  the 
great  amount  of  distortion  the  beds  have  suffered.  At  X,  fig.  1, 
an  excellent  exposure  of  the  rocks  p.     ^ 

is  found.  A  section  at  this  point 
from  the  water's  edge  to  the  bank 
under  which  the  rocks  disappear  is  w 
given  in  fig.  3.  The  strike  is 
north  and  south,  the  dip  east.  At 
this  point  along  tlie  shore  the  dip 
may  be  seen  to  have  great  varia- 
tion. The  cleavage  is  parallel  to 
the   bedding  and    the    beds  have 


E 


1  Conglomerate. 

2  Black  fissile  shales. 

3  Micaceous  sandstone. 

4  Shales. 
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somewhat  curved  outcrops ;  they  wedge  out  in  places  along 
the  strike  and  are  filled  with  veins  and  large  lenticular  masses 
of  secondary  quartz.  The  conglomerate  of  the  given  section 
contains  quite  large  rounded  pebbles  in  a  fine  grained  cement ; 
where  its  outcrop  can  be  traced  along  the  shore  it  is  seen  in 
places  to  have  suffered  severely  from  dynamometamorphic 
processes,  the  pebbles  are  flattened,  the  cement  becomes  mica- 
ceous and  transitions  to  gneiss  or  mica  schist  occur.  It  is 
strikingly  similar  in  lithologic  characters  to  the  drift  bowlders 
found  over  the  lower  part  of  the  island  and  wholly  different 
from  the  conglomeratic  grit  next  to  the  granite  on  the  east 
shore  of  Mackerel  Cove  in  C  4. 

The  granite  of  Conanicut  is   coarse  grained   of  a   mixed 

grayish  color  on  fresh  exposures  and  it  contains  large  often 
uge  phenocrysts  of  orthoclase  well  distributed.  These  pheno- 
crysts  are  of  great  importance  in  determining  the  relations  of 
the  granite  and  the  grit  in  C  4.  Petrographically  the  granite 
is  described  later.  As  will  be  seen  by  reference  to  the  map, 
fig.  2,  it  forms  the  whole  of  the  lower  portion  of  the  main 
part  of  the  island.  Its  subaqueous  limits  can  be  pretty  well 
defined  by  the  sedimentaries  on  the  west  shore  oi  Mackerel 
Cove ;  to  the  south  by  Kettlebottom  Rock  which  is  an  out- 
crop of  shale  rising  some  eight  feet  above  tide.  Attempts 
were  made  to  examine  this  rock  closely  but  the  heavy  seas 
breaking  on  it  prevented  a  landing ;  at  a  distance  of  some  fifty 
yards  it  could  be  easily  seen  to  be  of  shales  and  it  is  not  prob- 
able that  a  drift  mass  could  remain  on  a  ledge  in  such  an  ex- 
posed position.  On  the  Newport  shore  to  the  S.W.  the  shales 
recur  again  and  the  small  island  to  the  S.E.  of  Bull's  Point  in 
Gr  8  is  composed  as  to  its  north  part  of  altered  sedimentaries 
and  to  the  south  of  granite. 

Evidences  of  intrusion. — That  the  granite  is  intrusive  is 
best  seen  at  Bull's  Point  where  it  is  directly  in  contact  with 
the  sedimentary  beds  here  altered  to  a  dense  hornstone-like 
rock.  The  granite  is  finer  grained  and  more  porphyritic  ;  the 
contact  between  the  two  rocks  is  solid,  specimens  breaking 
across  both  as  if  one  rock :  it  has  sent  out  apophyses  in  the 
shape  of  dikes  which  cut  into  the  sedimentary  beds.  Further 
to  the  eastward  in  E  4  the  contact  is  buried,  but  at  one  point 
the  granite  and  liornstone  are  but  a  few  yards  apart ;  here  the 
granite  is  fine  grained  and  aplitic  in  character,  the  hornstone 
extremely  dense  and  tough.  A  short  distance  further  west- 
ward between  two  little  hills  in  E  4  there  occurs  an  outcrop  on 
the  east  side  and  near  the  bottom  of  the  westward  hill  of  a 
dark  flinty  rock,  felsitic  in  appearance,  characteristic  of  the 
contact  facies  of  rapidly  chilled  highly  siliceous  magmas  and 
which  microscopically  shows  a  crypto-crystalline  groundmass 
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interspersed  with  quartz  and  feldspar  often  in  micro-pegmatite 
intergrowth.  This  grows  coarser  in  grain  and  a  few  yards  to 
the  south  the  granite  outcrops  again. 

Also  in  D  5  occurs  an  apophysis  which  has  been  thrust  out 
into  the  sedimentaries.  Its  outcrops  occur  along  and  in  the 
road  for  a  distance  of  some  fifty  feet  or  more  and  recent  work 
on  the  road  has  thrown  out  some  fresh  material.  This  is  a 
fine  grained  light  reddish  rock  and  microscopic  examination 
shows  it  to  be  a  most  characteristic  and  typical  micro-pegma- 
tite. From  this  point  farther  to  the  westward  there  are  no 
evidences  of  endomorphic  contact  in  the  granite ;  it  is  either 
covered  or  the  rocks  have  suffered  so  from  pressure  and  weath- 
ering that  nothing  certain  can  be  deduced. 

Mcomorphic  contact  phenomena, — As  will  be  seen  by  refer- 
ence to  the  map,  the  region  of  the  sedimentaries  which  has 
been  chiefly  affected  by  the  intrusion  of  the  granite  is  a 
roughly  triangular  mass  lying  in  great  part,  in  D  5  and  E  5.  It 
is  not  however  the  only  place  where  exomorphic  evidences  of 
contact  are  shown.  It  may  be  said  at  this  place  that  every 
transition  can  be  found  between  unaltered  shales  and  the  most 
solid  of  hornstones  in  contact  with  the  granite,  but  not  how- 
ever in  any  one  place  or  exposure.  Along  the  west  shore  of 
Mackerel  Cove  the  shales  although  nearly  normal  are  yet  some- 
what affected  having  a  strongly  knotted  and  speckled  look,  de- 
scribed by  Dale*  as  containing  "  thickly  disseminated  minute 
nodules  of  siderite."  They  often  do  indeed  contain  carbo- 
nates but  also  at  other  times  small  nests  of  intertwined  white 
mica  leaves,  secondary  quartz,  chlorite,  etc.  It  would  appear 
at  times  as  if  they  might  have  been  pseudomorphs  of  some 
former  mineral  and  the  whole  phenomenon  is  indeed  strongly 
suggestive  of  contact  metamorphism.  In  C  4  in  the  gully  cut 
by  the  little  brook  and  just  west  of  the  new  road,  green  shales 
or  phyllites  are  found  which  are  very  near  the  normal,  the 
only  alteration  noticeable  being  a  slight  loss  of  the  fissile 
character  together  with  a  somewhat  gnarled  appearance  and 
the  formation  of  small  knotted  points.  In  the  N.W.  corner 
of  D  5  just  south  of  Mr.  Green's  barn  occurs  a  long  outcrop 
extending  towards  the  south.  At  the  north  end  the  shales 
although  still  retaining  a  fissile  character  are  very  much 
gnarled  and  toughened  and  as  one  proceeds  southward  they 
pass  within  two  or  three  rods  into  compact  hornstones.  From 
this  exposure  it  may  be  seen  that  the  loss  of  the  slialy  charac- 
ter and  transition  into  hornstone  occurs  within  a  very  short 
distance. 

Along  the  east  shore  in  E  6  the  transition  is  covered  and  the 
first  outcrop  after  leaving  the  shales  is  a  dense  slaty  rock  of  a 

*  Loc.  cit. 
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dark  color  and  much  jointed  showing  macroscopically  only  by 
color  banding  its  sedimentary  origin.  Farther  to  the  south- 
ward the  rocks  become  more  greenish  or  grayish  green  in  color 
and  more  coarsely  crystalline.  In  general  it  may  be  said  that 
as  we  approach  the  granite  the  hornstones  are  more  crystallized, 
harder,  denser  and  break  with  a  splintery  fracture. 

As  previously  noted  the  sedimentary  beds  are  thin,  vary  in 
character  and  have  a  general  N.  and  S.  strike,  consequently  as 
one  traverses  the  metamorphosed  area  in  an  E.  and  W.  direction 
along  the  line  of  the  granite  there  is  considerable  variation  in 
the  character  and  mineral  constitution  of  the  altered  rocks  as 
will  be  shown  later.  Another  striking  feature  in  the  meta- 
morphic  character  of  these  rocks  is  the  presence  of  great 
quantities  of  tine  veins  of  a  yellowish  color  which  traverse 
tnem  in  all  directions,  and  which  on  microscopic  examination 
are  found  to  consist  chiefly  of  tourmaline,  of  all  minerals  in 
the  contact  zone  perhaps  one  of  the  most  characteristic  of  the 
fnmarole  action  of  intrusive  masses. 

(rrit. — Besides  the  conglomerate  already  mentioned  as  occur- 
ring at  X  and  which  is  assumed  as  the  lowest  of  the  sedi- 
mentary series  on  the  island  there  occurs  another  conglomerate 
rock  or  grit,  exposed  on  the  east  shore  of  Mackerel  Cove  in 
close  connection  with  the  granite  and  evidently  derived  from 
it.  It  extends  inland  into  C  4  as  shown  on  the  map  :  its  out- 
lines frotn  a  lack  of  good  exposures  are  rather  doubtful  but 
probably  as  given.  It  differs  widely  from  the  first  mentioned 
conglomerate  in  character  in  that  it  consists  of  fragmental 
granitic  material ;  it  is  more  of  the  nature  of  a  grit  consisting 
of  quartz  grains  and  fragments  mixed  with  decayed  feldspar 
material.  Dale  has  characterized  it  as  a  "  quartz  clay  aggre- 
gate." Its  derivation  chiefly  from  the  granite  both  from  its 
position  and  character  of  material  seems  quite  clear.  More- 
over it  contains  fragments  and  even  entire  crystals  of  the  large 
orthoiilase  phenocrysts  whi'ch  form  so  striking  a  character  of 
the  granite,  their  crystal  form,  broken  or  somewhat  rounded. 
Its  derivation  from  the  granite  would  make  it  more  recent 
than  the  adjoining  sedimentaries  and  this  is  evinced  by  the 
fact  that  it  conteims  frag7ne?iis  of  shales.  Some  of  these  near 
the  granite  are  slabs  several  feet  in  length  whose  long  exten- 
sion or  strike  is  a  little  north  of  east  and  south  of  west,  while 
they  are  standing  nearly  perpendicular,  the  strike  of  the  shales 
to  the  north  being  N.  and  S.  and  the  dip  E.  The  granite 
adjoining  though  much  weathered  has  evidently  been  strongly 
sheared  and  the  whole  appearance  of  this  local  mass  of  brec- 
ciated  material  is  strongly  suggestive  of  its  being  the  result  of 
pressure  and  shearing  between  the  granite  and  the  altered 
conglomerates,  shales,  etc.,  at  this  point. 
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Dikes, — The  granite  is  cut  through  by  aph'te  dikes  in  seve- 
ral places,  an  excellent  example  being  a  small  one  of  but  a  few 
inches  in  width  which  cuts  the  exposed  rock  below  and  to  the 
east  of  Mr.  Clothier's  house  on  Bull's  Point,  and  which  has 
been  bent  and  faulted  by  later  movements.  Besides  these 
which  are  in  intimate  connection  with  the  granite  there  are 
two  other  dikes  on  the  island,  both  on  the  Beavertail  portion 
and  cutting  it  and  the  strike  of  the  beds  transversely;  see  fig. 
1.  They  are  not  large,  the  one  at  Hull's  Cove  is  the  larger 
and  at  this  exposure  from  eight  to  ten  feet  wide.  Its  outcrop 
can  be  traced  for  some  distance  in  a  series  of  nearly  buried 
bowlders. 

The  second  one,  a  little  south  of  the  point  known  as  Lion's 
Head  is  still  narrower.  Its  western  outcrop  occurs  on  the 
south  point  of  Austin's  Hollow. 

These  dikes  are  of  the  lamprophyre  rock  known  as  minette 
or  mica  trap  as  will  be  shown  later.  They  stand  in  close 
petrological  relation  to  the  granite  and  must  be  considered  as 
of  contemporaneous  origin. 

They  have  altered  the  adjacent  shales,  the  one  at  Hull's  Cove 
in  particular  having  produced  a  rock  similar  in  appearance  to 
some  of  those  formed  in  the  contact  zone  of  the  granite  as 
previously  described. 

Orographic  movements. — Besides  the  original  folding  of  the 
Carboniferous  series  the  island  has  suffered  great  dynamic 
pressures  subsequent  to  the  intrusion  of  the  igneous  rocks. 
The  thrust  has  been  in  a  general  north  and  south  direction. 
The  granite  has  been  crushed  and  dynamo-metamorphosed  in 
places ;  planes  of  fracture  extend  through  it  generally  in  an 
E.  and  W.  direction,  often  highly  sHckensided  as  in  an  excel- 
lent exposure  at  the  gate  to  the  grounds  of  Mr.  J.  Wharton  in 
C  3.  The  aplite  dikes  in  it  have  been  bent  and  broken.  The 
minette  dikes  on  Beavertail  have  also  been  bent  and  folded 
and  highly  pressed ;  in  places  they  have  become  quite  schis- 
tose as  at  the  south  point  of  Austin's  Hollow  and  the  schistosity 
is  perpendicular  to  the  thrust.  The  sedimentaries  have  also 
suffered  from  these  forces,  steps  in  the  shales  running  E.  and 
W.  being  of  frequent  occurrence  and  the  beds  in  other  places 
have  been  fractured  and  bowed  up  as  at  X,  the  fractures  and 
hollows  from  bending  being  now  filled  with  veins  and  lenticu- 
lar masses  of  secondary  quartz. 

General  summary. — From  the  foregoing  facts  the  following 
general  statement  may  be  deduced  for  the  geology  of  Conani- 
cut  Island.  That  it  is  in  the  main  made  up  of  a  series  of  Car- 
boniferous strata  thinly  bedded  with  a  conglomerate  as  the 
oldest  member,  which  has  been  folded  so  that  the  beds  have  a 
general  north  and  south  strike  and  dip  mostly  to  the  eastward. 
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That  there  has  been  a  later  intrusion  of  granite  which  has 
necessarily  metamorphosed  the  sedimentary  strata  and  which 
has  been  accompanied  by  the  injection  of  dikes  petrologically 
related  to  the  granite,  and  lastly  the  whole  mass  has  safiered 
from  dynamic  forces  acting  in  a  general  north  and  south  direc- 
tion, the  result  of  orographic  movement  and  which  has  also 
produced  by  shearing  a  mass  of  local  grit. 

Ifote, — The  author  desires  at  this  point  to  express  his  thanks 
to  Dr.  A.  E.  Foerste  who  some  years  since  made  a  brief  study 
of  the  island  and  has  kindly  given  the  writer  a  short  abstract 
of  his  notes  made  at  that  time.  His  outlining  of  the  areas 
and  of  the  dikes  is  essentially  the  same  as  that  here  given. 
From  the  presence  of  feldspar  in  the  hornstones  at  one  point 
he  is  inclined  to  regard  them  as  composed  partly  of  altered 
older  basic  eruptives,  and  the  grit  at  Mackerel  Cove  he  prefers 
to  correlate  with  the  basal  conglomerate  of  the  basin,  though 
he  regards  it  as  derived  from  the  granite.  In  other  respects 
the  views  of  the  writer  are  believed  to  be  in  agreement  with 
those  expressed  by  Dr.  Foerste. 

Petrography. 

Granite, — The  Conanicut  granite  is  a  rather  coarse  grained 
rock,  on  fresh  surfaces  of  a  light  reddish  color  due  to  the  iron 
oxide  developed  in  the  feldspar.  As  remarked  before  it  car- 
ries nearly  everywhere  huge  phenocrysts  of  orthoclase,  exam- 
ples 5^°^  by  3^°^  in  width  and  thickness  being  a  very  common 
size.  It  is  therefore,  strictly  speaking,  a  granite  porphyry,  only 
on  a  much  larger  scale  of  size  of    phenocryst  and  grain   of 

§roundmass  than  usual.  All  of  the  main  constituents  may  be 
etermined  by  the  eye,  magnetite,  titanite,  oligoclase,  ortho- 
clase and  quartz,  also  dark  masses  of  chlorite  which  are  the 
representatives  of  a  former  ferro-magnesian  mineral. 

Under  the  microscope  are  found  in  addition  zircon,  apatite, 
white  mica  and  epidote,  and  it  is  seen  that  the  rock  even  in 
the  freshest  examples  has  suffered  severely  from  dynamic  pres- 
sures ;  the  quartzes  show  undulatory  extinction,  the  feldspars 
are  broken  and  filled  with  sericite.  The  large  phenocrysts  have 
also  suffered  in  this  way  and  the  cracks  are  filled  with  secondary 
quartz  and  calcite.  The  ferro-magnesian  mineral  is  no  longer 
recognizable,  its  place  is  entirely  taken  by  chlorite,  often  mixed 
with  epidote.  It  is  possible  that  hornblende  as  well  as  biotite 
was  originally  present,  the  epidote  as  an  alteration  product  and 
the  association  with  titanite  rather  favoring  the  idea. 

With  regard  to  the  order  of  crystallization  of  the  various 
components,  the  rock  has  in  general  been  subjected  to  too 
much  alteration  of  various  kinds  that  obscure  the  structure  to 
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draw  safe  conclusions :  in  regard  to  the  large  phenocrysts, 
since  they  contain  apatite,  titanite,  etc.,  it  may  be  said  that 
they  are  not  the  first  products  of  crystallization  while  their 
more  or  less  idiomorphic  outlines  indicate  that  they  are  older 
than  the  groundmass  in  which  they  lie.  It  is  a  striking  fact 
that  the  rock  never  contains  any  phenocrysts  of  quartz  and  in 
this  is  unlike  most  peripheral  facies,  dike  forms,  etc.,  of  granite 

f)orphyry.  And  it  is  probably  true  that  while  granites  with 
arge  feldspar  phenocrysts  are  not  uncommon  they  rarely  or 
never  contain  corresponding  phenocrysts  of  quartz  as  might  be 
expected  from  analogy  with  effusive  forms — an  indication  that 
they  have  been  formed  under  different  conditions.  The 
analysis  of  this  granite  yielded  the   results   here   presented. 

SiO, n-23 

TiO, -21 

Al^O, ]3-64 

Fe,03 1-70 

FeO 1-00 

MnO   -05 

MgO 0-75 

CaO 2-31 

Na,0 3-55 

K,0 3-79 

H,0 1-72 

Total 99-95 

Sp.  G 2-690 

It  is  that  of  a  typical  granite  in  all  respects  and  needs  no  special 
comment.  The  water  is  of  course  from  alteration.  It  may 
be  remarked  here  that  in  this  as  in  the  following  analyses  the 
water  was  actually  weighed  as  such  during  the  process  of  the 
analytical  investigation.  This  analysis  was  made  from  a  speci- 
men taken  from  an  outcrop  on  a  little  hill  in  the  N.W.  corner 
of  D  4,  the  freshest  and  best  exposure  found.  From  here  as 
one  goes  southwest  and  south  the  granite  becomes  more  and 
more  dynamo-metamorphosed,  and  one  of  the  most  striking 
examples  and  best  exposures  of  this  is  found  in  a  recently 
worked  outcrop  just  inside  of  Mr.  J.  Wharton's  gate  in  the 
middle  of  C  3.  Here  the  rock  has  been  much  fractured,  it  is 
full  of  slickensides  and  other  evidences  of  shearing  and  pres- 
sure. Under  the  microscope  all  the  components  are  seen  to 
be  broken  and  crushed  ;  they  lie  in  a  mass  of  broken  material 
which  cemented  together  by  secondary  silica  renders  the  rock 
extremely  similar  to  a  metamorphosed  grit  It  is  indeed  sim- 
ilar to  a  grit  only  mechanically  made.  Epidote  and  other 
secondary  minerals  abound.  In  other  places  as  along  the  shore 
of  Mackerel   Cove  the  rock  exposures  have  suffered  so  much 
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in  addition  from  weathering  that  it  would  be  difficult  if  not 
Impossible  to  distinguish  former  granite  from  the  conglome- 
ratic grit  occurring  there  if  it  were  not  for  the  large  feldspar 
i)henocryst8  with  crystallograjphic  outline's  which  serve  to 
lifferentiate  it  (additional  to  the  included  shales  in  the  grit). 

Aplite. — This  presents  the  asual  panidioraorpbic  mixture 
of  orthoclase  and  quartz  with  a  very  little  plagioclase,  a  little 
iron  ore  and  the  ferro-magnesian  minerals  almost  wholly  want- 
ing. It  h?8  suffered  greatly  from  pressure.  Remains  ot  micro- 
pegmatite  structures  can  be  detected  at  times. 

Micro-pegmatite  which  occurs  as  mentioned  in  the  central 
apophysis  is  very  typical  and  comparatively  fresh.  It  does 
not  appear  to  have  suffered  so  much  from  dynamic  forces  as 
the  foregoing  rocks. 

Minette, — As  before  mentioned  there  are  two  dikes  of  this 
lamprophyre  rock  on  the  lower  portion  of  the  island  as  shown 
on  map  No.  1.  The  best  and  most  unaltered  exposure  is  found 
at  Hull's  Cove.  The  rock  here  is  of  a  dark  reddish  rusty 
color  on  exposed  surfaces,  stained  by  iron  oxide.  On  a  fresh 
break  it  is  of  a  dark  gray,  and  fine  grained,  in  which  pheno- 
crysts  of  biotite,  at  times  several  mm.  in  diameter,  may  be  seen. 
Small  fragments  of  the  shales  through  which  it  has  broken  up 
may  at  times  be  found  in  it  altered  to  a  siliceous  hornstone. 
Owing  to  the  dynamic  pressure  the  rock  has  received  it  breaks 
with  a  somewhat  schistose  fracture  at  times.  The  exposure  of 
the  second  and  southern  dike  at  Lion's  Head  is  similar  only  as 
the  dike  is  smaller  it  has  suffered  more  severely  from  squeez- 
ing and  has  a  more  pronounced  schistose  structure  and  the 
biotite  phenocrysts  are  more  rarely  seen.  The  other  exposure 
of  this  dike  at  the  south  point  of  Austin's  Hollow  shows  these 
points  in  a  still  higher  degree,  the  rock  is  completely  schistose 
and  is  recognized  only  as  a  dike  by  its  cutting  across  the  strike 
of  the  shales,  by  its  same  reddish  weathering  color  and  by  its 
strike  being  such  that  it  must  be  the  continuation  of  the  Lion's 
Head  outcrop.  These  points  of  identification  are  confirmed 
by  the  microscopical  examination.  The  outcrop  of  the 
northern  dike  on  Austin's  Hollow  was  not  visited  by  the 
writer  but  is  given  on  the  authority  of  Dr.  Foerste.  Under 
the  microscope  the  freshest  and  best  example  of  these  rocks, 
from  Hull's  Cove  is  seen  to  be  composed  chiefly  of  orthoclase 
and  biotite,  the  latter  in  two  generations.  Apatite,  zircon, 
pyrite  in  well  formed  idiomorphic  crystals  and  pretty  abundant 
in  amount;  plagioclase  and  caleite  are  also  largely  present. 
Some  secondary  quartz  occurs.  The  structure  where  it  has 
not  been  destroyed  is  panidomorphic  or  allotriomorphic 
granular. 
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The  rock  is  in  that  first  stage  of  alteration  of  a  laraprophyre 
which  may  be  called  the  carbonate  stage  ;  it  effervesces  when 
placed  in  acids,  but  the  second  stage  of  alteration  in  which 
these  rocks  lose  their  carbonates  and  pass  into  masses  of  impure 
clay,  and  which  may  be  termed  the  Kaolin  stage,  was  nownere 
observed  in  either  dike.     The  chemical  composition  is  given 

SiO, 46-11 

TiO, -84 

X  '97 

A^fi[v///''^'.v^\ 14-75 

Fe^, .  2-20 

FeO 4-ol 

MnO tr. 

MgO 5-73 

CaO 7-82 

Na,0 ..  1-29 

K,0 3-84 

HO 2-90 

CO, 7-32 

S 1-37 

Total 99-65 

0  =  S -33 

99-32 
Sp.  G 2-904 

in  the  above  analysis.  The  amount  of  CO,  shows  the  con- 
siderable amount  of  carbonates  present  and  the  sulphur  that 
of  the  pyrite.  The  symbol  X  refers  to  the  oxides  of  those 
earths  which  after  fusion  with  HKSO^  do  not  dissolve  in  cold 
water.  It  is  probably  more  or  less  impure  with  zirconia, 
titanic  oxide,  etc.  No  attempt  was  made  to  determine  it.*  A 
comparison  of  the  chemical  composition  of  this  rock  with  that 
of  miuettes  from  other  parts  of  the  world  shows  a  striking 
agreement  with  some  of  them  as  given  in  Roth's  Tabellen. 

The  same  rock  in  other  portions  of  the  dike  exhibits  the 
effects  of  pressure.  The  mica  leaves  are  bent  and  curved, 
they  begin  to  disappear  and  their  place  is  taken  by  a  cloudy 
decomposition  product  which  shows  perfectly  the  form  and 
cleavage  of  the  original  biotite  crystal.  All  grades  of  transi- 
tions may  be  traced  from  the  unaltered  crystals  to  those  com- 
pletely changed.  On  examining  this  cloudy  alteration  product 
with  the  highest  powers  it  is  found  to  be  full  of  minute  rutile 
needles  and  prisms.  While  other  effects  of  pressure  are 
clearly  visible,   this  is  one  of  the  most  noticeable  in  this  dike 

*Conf.  Williams'  Igoeous  Rocks  of  Arkansas,  Ark.  Geol.  Surv.   Ann.  Rep., 
1889,  vol.  ii,  p.  226,  who  gives  full  literature,  etc. 

Am.  Jour.  Sol— Third  Series,  Vol.  XLVI,  No.  275.— Nov.,  1893. 
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rock.  The  Lion's  Head  dike  is  precisely  similar,  only  as  it  has 
been  more  highly  pressed  it  shows  this  change  in  a  higher 
degree  and  this  reaches  its  highest  development  in  the  outcrop 
on  S.  point  of  Austin's  Hollow.  Here  the  rock  is  strongly 
folded  in  the  strata  and  as  already  mentioned  it  has  a  pro- 
nounced schistosity.  Also  under  the  microscope  it  shows  a 
schistose  structure  and  contains  considerable  wnite  mica  and 
chlorite  along  with  the  broken  material  of  the  original  rock, 
and  were  it  not  that  all  grades  of  transition  from  the  nearly 
normal  rock  at  Hull's  Cove  down  to  these  forms  can  be 
traced,  it  would  be  impossible  to  recognize  its  original  compo- 
sition. 

Phyllite. — It  would  be  impossible  to  give  here  a  minute 
description  of  all  phases  of  the  unaltered  sedimentary  rocks 
existing  on  the  island.  A  pale  greenish  or  grayish  phyllite  of 
extremely  fissile  character,  however,  is  by  far  the  most  com- 
mon rock,  and  it  was  selected  for  analysis.  Thin  sections  of 
it  from  various  places  showed  pretty  nearly  the  same  general 
character.  Between  crossed  nicols  with  a  moderate  power  the 
slice  presents  a  dark  gray  "  pepper  and  salt  "  appearance  inter- 
spersed with  fine  points  of  brighter  polarizing  mineral  frag- 
ments. This  is  due  to  its  excessively  fine  grain.  Under  very 
high  powers  this  is  resolved  into  a  mixture  of  sericite,  chlorite^ 
occasional  fragments  of  feldspar  (orthoclase  and  perhaps  albite), 
specks  of  hematite,  scales  of  graphite  and  pieces  of  quartz. 
Occasionally  very  minute  but  idiomorphic  crystals  of  tourmaline 
occur.  The  chlorite  and  mica,  interwoven  into  a  fine  mesh 
and  strung  out  along  the  planes  of  schistosity,  are  with  the 
quartz  the  chief  components.     This  is  everywhere  penetrated 


SiO, 56-36 

TiO, 0-9V 

Al,03 22-78 

Fe,03 1-04 

FeO 6-25 

MnO 0-15 

MgO 2-40 

CaO none 

Nap 1-48 

K.,0 3-91 

ILO 5-01 


"2 


Total 100-35 


by  swarms  and  clouds  of  the  most  minute  rutile  crystals. 
Muscovite  occurs  at  times  in  tabular  crystals  which  in  their 
orientation  bear  no  reference  to  the  planes  of  schistosity.    The 
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chemical  composition  of  a  specimen  from  Potter's  Point  is 
given  in  the  above  analysis.  Lime  was  carefully  tested  for 
but  not  even  a  trace  precipitated.  It  seems  to  be  a  very  pure 
and  typical  phyllite.  Even  in  the  clearest  and  most  uniform 
examples  the  original  bedding  shows  in  slight  changes  of  a 
color  banding  across  the  cleavage  planes. 

Contact  metamorphiG  rocks, — From  what  has  already  been 
said  in  the  foregoing  it  is  evident  that  no  safe  petrographical 
conclusions  can  be  drawn  concerning  the  nature  of  the  meta- 
morphism  which  has  been  effected  in  the  sedimentaries  by  the 
intrusion  of  the  granite.  For  the  original  strata  varied  rapidly 
in  thickness  and  in  character ;  their  exact  stratigraphical  posi- 
tion in  relation  to  the  granite  can  no  longer  be  made  out,  they 
have  suffered  from  dynamic  forces  and  from  weathering  as 
well,  each  bringing  its  own  series  of  changes.  The  original 
character  therefore  is  strongly  masked  and  can  only  at  times 
be  suspected.  Their  geological  relations  are  indeed  far  better 
seen  and  studied  in  the  field  than  with  the  microscope  though 
the  latter  reveals  some  interesting  facts. 

The  first  stage  of  alteration,  where  the  shales  assume  a  knot- 
ted appearance,  has  been  sufficiently  described,  what  follows 
relates  to  the  harder  and  tougher  hornstones.  The  dark  solid 
slate-like  rock  occurring  on  the  shore  in  a  recent  cutting  in  the 
lower  part  of  E  6  shows  an  extremely  fine  grain  consisting  of 
quartz,  white  mica,  specks  of  graphitic  matter  and  iron  ore 
with  groups  composed  of  masses  of  fine  crystals  that  appear 
to  be  epidote  and  zoisite.  These  are  strung  along  in  a  schis- 
tose structure.  All  through  it  appear  places  with  less  highly 
doubly  refracting  material  that  between  crossed  nicols  snow 
idiomorphic  outlines  and  seem  like  pseudomorphs  or  phantom 
shapes  of  some  former  mineral  that  appeared  in  porphyritic 
crystals. 

A  very  common  form  of  the  hornstone  rocks  is  one  com- 
posed chiefiy  of  quartz  and  chlorite  together  with  white  mica, 
iron  ore,  etc.,  in  allotriomorphic  structure.  This  is  assumed 
to  be  a  rock  which  was  formerly  composed  chiefly  of  quartz 
and  biotite.  It  generally  occurs  pretty  near  the  granite  and 
composes  largely  the  outcrops  of  E  4,  lower  E  5  and  to  the  west 
of  the  road  in  D  5.  It  occurs  also  in  direct  contact  with  the 
granite  in  F  4  on  Bull's  Point. 

Another  form  is  that  which  occurs  in  the  outcrop  south  of 
Mr.  Green's  barn  in  D  5  and  east  of  the  road.  This  as  re- 
marked before  begins  with  a  rock  which  has  not  entirely  lost 
its  shaly  character.  The  rock  consists  essentially  of  quartz, 
white  mica,  fragments  of  feldspar,  chlorite,  bits  of  graphite  and 
iron  ore  being  freely  sprinkled  through  it.  Sections  cut  from 
the  rock  to  the  south  of  this  show  in  addition  a  development 
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of  hornblende  crystals  in  stringy  forms  mixed  with  masses  of 
fine  crystal  particles  of  very  low  double  refraction  and  high 
single  refraction  and  which  appear  like  masses  of  zoisite. 
Still  farther  southward  this  character  of  the  rock  together 
with  the  amount  of  hornblende  increases.  A  somewhat  similar 
form  is  found  on  Bull's  Point  and  in  addition  some  triclinic 
feldspar  is  present.  It  is  indeed  possible,  as  suggested  by  Dr. 
Foerste,  that  some  former  basic  eruptive  rock  was  present  and 
included  in  the  metamorphism  produced  by  the  granite, 
although  in  this  case  it  could  have  formed  but  a  relatively 
small  proportion  of  the  triangular  altered  area  and  its  charac- 
ters are  now  too  much  obscured  for  recognition.  On  the  other 
hand  the  presence  of  feldspar  as  a  result  of  contact  meta- 
morphism is  well  known  especially  in  such  rocks  as  contain  a 
considerable  amount  of  alkalies  as  suggested  by  Harker.* 

Mineralogical-Pctrographical  Laboratory, 
SheflBeld  Scientific  School,  New  Haven,  June,  1893. 
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C.  E.  Beecher. 

In  the  August  number  of  this  Journal,  Mr.  W.  D.  Matthew 
made  the  important  announcement  of  the  discovery  of 
antennae  and  other  appendages  of  TriarthriiB  found  by  Mr.  W. 
S.  Valiant  near  Home,  N.  1.  The  Yale  Museum  has  received 
considerable  material  of  a  similar  nature,  which  will  doubtless 
furnish  additional  details  of  the  structure  of  this  trilobite.  In 
the  preliminary  examination  of  this  material,  a  number  of 
larval  specimens  have  been  discovered,  and  several  other  points 
of  interest  observed,  a  few  of  which  are  here  noticed. 

A  description  and  illustration  of  the  nearly  complete  meta- 
morphoses of  Triarthrus  Bechi  was  given  by  Walcott  in  1879,t 
based  upon  specimens  from  near  Holland  Patent,  N.  Y.  The 
earliest  stage  then  known  in  this  genus  consisted  of  indi- 
viduals having  the  cephalon  and  pygidium  defined  and  one 
thoracic  segment.  With  the  new  material,  it  is  now  possible 
to  add  an  earlier  stage  in  which  the  thorax  is  undeveloped  and 
the  cephalon  predominates,  while  the  other  parts  are  not 
clearly  differentiated.  This  stage  corresponds  to  the  earliest 
yet  discovered  in  other  genera ;  as  in  Sao^  IHychoparia^  and 
Acidaspis. 

The  larval  Triarthrxis  at  this  period  is  ovate  in  outline, 
widest  behind,   where    it   also  attains  its  greatest  convexity. 

*  Quar.  Jour.  Geol.  Soc,  Aug.,  1891,  vol.  xlvii. 
f  Transactions  of  the  Albany  Institute,  vol.  x. 
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The  frontal  margin  is  marked  by  a  convex  fold  of  the  test. 
The  axis  is  annulated.  The  anterior  six  annulations  apparently 
belong  to  the  cephalon,  the  sixth  one  being  considerably 
stronger  than  the  others  and  probably  representing  the  occip- 
ital ring.  The  pygidial  portion  is  defined  by  a  narrow  shallow 
transverse  furrow  ;  and  the  axis  has  two  annulations. 

Near  the  lateral  anterior  margins  are  two  slight 
elevations  which  may  represent  the  palpebral 
lobes  of  the  eyes,  and  from  them  extend  two 
furrows  curving  inward  to  the  axis  and  dividing 
the  cephalic  region  into  two  portions.  The  occip- 
ital pleura  are  indicated  by  slight  depressions 
extending  from  the  occipital  ring. 

The  specimen  illustrated  in  figure  1  has  a  Figure  i.— TVz- 
length  of  -63™°^  and  a  width  of  46"^".  f  ^^''"^  Becki; 

^  dorsal  view    of 

larva,     x  30. 

Nearly  all  the  specimens  with  appendages  are 
complete,  and  lie  with  the  ventral  side  upward.     A  few  iso- 
lated fragments  only  have  been  observed.     Individuals  of  all 
ages  occur,  the  majority  being  about  half  grown. 

So  far  as  noticed,  the  other  species  of  fossils,  which  are 
found  strictly  in  the  same  association,  are  young  individuals  of 
Trinudeus  concentricus^  SchizocraniaJilosa^Leptobohis  insig- 
7it8,  and  Orthis  {Dalmanella)  testudinaria^  ostracoda  and 
graptolites  of  several  kinds,  indicating  that  the  deposit  belongs 
to  the  Utica  slate. 

Yale  Museum,  Xew  >[aven,  Conn.,  Oct.  9th,  1893. 


Art.  LIII. — The  Rhe  of  the  Mammalia  in  Xortli  A7nerica  ^'^ 
by  Henry  Fairfield  Osborx,  Columbia  College,  New 
York. 

[Vice -Presidential  address  before  the  American  Association  for  the  Advancement 
of  Science,  Section  of  Zoology,  Madison,  Wise,  August  ITth,  1893] 

Twenty  years  ago  an  era  opened  in  the  mammalian  pale- 
ontology of  Europe  and  America.  Partly  inspired  by  the 
Odontographie  of  Riitimeyer,  Kowalevsky  completed  and  pub- 
lished in  1873  his  four  remarkable  memoirs  upon  the  hoofed 
mammals.  He  wrote  these  four  hundred  and  fifty  quarto 
pages  in  three  languages  not  his  own,  in  French  upon  Anehi- 
therium,  and  the  ancestry  of  the  horses,  in  English  upon  the 

*  Some  passages  in  this  address  have  been  omitted  as  indicated  by  dotted  lines. 
The  address  will  be  printed  in  full  in  the  Biological  Studies  of  Columbia  College, 
Part  I. 
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Hyopotamidae^  in  German  upon  Gelocus^  Anthracotherium 
and  Entelodon  including  the  first  attempt  at  an  arrangement 
of  a  great  group  of  mammals  upon  the  basis  of  the  descent 
theory.  These  memoirs  swept  aside  all  the  dry  traditional 
fossil  lore  of  Europe;  they  breathed  the  new  spirit  of  Darwin, 
to  whom  the  chief  one  was  dedicated,  making  principles  of 
descent  of  more  importance  than  new  genera  and  species. 
Kowalevsky  thus  summed  up  the  contemporary  paleontology  : 

"  After  the  splendid  osteological  investigations  of  Cuvier 
had  levealed  to  science  a  glimpse  of  a  new  mammalian  world 
of  wonderful  richness,  his  successors  have  been  bent  rather 
upon  multiplying  the  diversity  of  this  extinct  creation,  than 
on  diligently  studying  the  organization  of  the  fossil  forms  that 
successively  turned  up  under  the  zeal  of  amateurs  and  collec- 
tors. .  .  .  With  the  exception  of  England  (referring  to  Owen, 
Huxley,  Falconer,  and  others),  where  the  study  of  fossil  mam- 
malia was  founded  on  a  sound  basis,  and  son^e  glorious  excep- 
tions on  the  continent  (referring  to  Riitimeyer,  Gaudry,  Fraas, 
Milne-Edwards),  we  have  very  few  good  paleontological  me- 
moirs in  which  the  osteology  of  extinct  mammals  lias  been 
treated  with  sufficient  detail  and  discrimination  ;  and  things 
have  come  to  such  a  pass,  that  we  know  far  better  the  osteology 
of  South  American,  Australian,  and  Asiatic  genera  of  fossil 
mammals  than  of  those  found  in  Europe." 

At  the  same  time,  between  1869  and  1873,  the  pioneers  of 
American  paleontology,  Leidy,  Marsh,  and  Cope  began  the 
exploration  of  our  ancient  lake  basins  rich  in  life.  The  first 
ten  vears  of  their  work  not  only  revolutionized  our  ideas  of 
mammalian  descent,  but  brought  together  the  data  for  the 
generalizations  of  the  second  decade ;  for  Mai'sh's  demonstra- 
tion of  the  laws  of  brain  evolution  in  relation  to  survival  ;  for 
Cope's  proof  of  ungulate  derivation  from  types  with  the 
simple  foot  resting  upon  the  sole,  and  with  the  conic  or  buno- 
doiit  ancestral  molar  tooth ;  and  finally  for  Cope's  demonstra- 
tion of  the  tritubercular  molar  as  the  central  type  in  all  the 
mammalia.  These  four  generalizations  furnished  a  new  work- 
ing basis  for  morphology  and  phylogeny. 

In  these  twenty  years,  thanks  to  energetic  field  work,  we 
have  accumulated  vast  materials  for  the  history  of  the  rise  of 
the  mammalia,  enough  for  ten  students  where  there  is  one, 
and  the  question  arises  :  how  shall  we  take  best  advantage  of 
it,  what  methods  shall  we  adopt?  In  this  address,  besides 
bringing  before  you  the  more  recent  achievements  of  explora- 
tion and  research,  I  will  try  to  illustrate  the  advances  already 
made  in  lines  of  thought,  observation  and  system  in  paleon- 
tology and  indicate  other  advances  which  seem  to  me  still 
desirable.     In  the  problem  of  how  to  think  and  work  most 
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effectively,  and  with  most  permanent  results,  all  the  sciences 
meet  on  common  gronnd. 

Adva7ice8  in  Method, 

It  is  to  the  renown  of  the  veteran  Riitimeyer  and  of  Kowa- 
levsky,  so  soon  unfortunately  deceased,  that,  while  their  main 
inductions  suffer  bv  American  discoveries,  their  methods  of 
thought  have  not  been  displaced.  It  matters  little  that  their 
theory,  that  ungulate  molars  sprang  from  lophodont  or  crested 
forms,  has  been  disproved  ;  that  Kowalevsky's  tables  of  descent 
are  full  of  errors ;  that  his  main  generalization  as  to  the  per- 
sistence of  adaptive  and  extinction  of  inadaptive  foot  types 
does  not  hold  good ;  that  the  horses  and  Ancliitherium  spring 
not  from  Paleotherium  as  he  supposed,  but  from  Pachynolo- 
jphus  and  Ilyraeotherium,,  types  which  he  carefully  studied 
and  yet  omitted  from  the  horse  line  !  It  is  the  right  system  of 
thought  which  is  most  essential  to  progress  ;  better  in  the  end 
wrong  results  such  as  the  above,  reached  by  the  right  method, 
than  right  result^  reached  hap-hazard  by  a  vicious  method.  If 
a  student  asks  me  how  to  study  paleontology,  I  can  do  no 
better  than  direct  him  to  the  Versuch  einer  natilrUchen  Clas- 
sijication  der  fossilen  Tlufthiere^  out  of  date  in  its  facts,  thor- 
oughly modern  in  its  approach  to  ancient  nature.  This  work 
is  a  model  union  of  the  detailed  study  of  form  and  function 
with  theory  and  the  working  hypothesis.  It  regards  the  fossil 
not  as  a  petrified  skeleton,  but  as  moving  and  feeding;  every 
joint  and  facet  has  a  meaning,  each  cusp  a  certain  significance. 
Kising  to  the  philosophy  of  the  matter,  it  brings  the  mechani- 
cal perfection  and  adaptiveness  of  different  types  into  relation 
with  environment,  the  change  of  herbage,  the  introduction  of 
grasses.  In  this  competition  it  speculates  upon  the  causes  of 
tlie  rise,  spread  and  extinction  of  each  animal  group.  In  other 
words  the  fossil  quadrupeds  are  treated  hiologiadhj — so  far  as 
possible  in  the  ol)SCurity  of  tlie  past.  From  such  models  and 
fiom  our  own  experience  we  learn  to  feel  free  to  abandon 
traditions  in  the  use  of  the  tools  of  science,  such  as  mere 
methods  of  description  and  classification,  and  to  regard  priority 
in  nomenclature  only. 

Xew  discoveries  continually  produce  new  conditions:  there 
is  nothing  more  obstructive  than  the  reverence  for  old  ideas 
and  systems  which  have  outlived  their  usefulness.  In  obser- 
vation, an  old  principle  was  de  minimis  non  curat  lex ;  now, 
we  cannot  be  too  exact.  Every  cusp  and  facet  has  its  value, 
not  as  a  sign-post  for  a  new  species,  but  as  suggestive  of  some 
function  or  relationship.  Bird's  eye  methods  of  comparison, 
which,  for  example,  find  no  difference  between  a  rhinoceros 
and  a  lophiodon  molar,  are  of  no  service  now  that  we  are 
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called  apon  to  distinguish  between  so  many  lines  of  ancient 
mammals  crowding  in  among  the  ancestors  of  existing  mam- 
mals. Again,  paleontology  is  not  a  science  apart;  it  has 
always  gone  hand  in  hand  with  recent  osteology ;  it  must  now 
keep  abreast  with  the  embryology  of  the  teeth  and  skeleton ; 
with  the  animal  mechanics  of  Marey,  Allen,  and  Muybridge; 
with  paleobotany,  geology,  and  historical  physical  geography. 
In  these  points  we  cannot  be  too  broad.  AH  structures  should 
be  considered  as  to  their  homologies,  their  mechanics,  which 
throw  such  a  brilliant  light  upon  their  evolution  ;  their  rela- 
tions to  the  food  and  soil,  and  to  other  parts.  This  brings  ns 
to  the  animal  as  a  w^iole — its  tendencies,  its  place  in  the  sys- 
tem of  descent,  its  relations  to  its  contemporaries,  the  causes 
of  its  progression  or  retrogression ;  finally,  into  pure  specula- 
tion. Here  I  am  reminded  of  a  critical  saying  by  the  late 
Professor  v.  Gudden,  the  distinguished  neurologist:  **Ein 
Steinchen  der  Wahrheit  hat  melir  Wertli  als  ein  grosser 
Schwindelbau ;"  it  was  in  allusion  to  the  temporary  character 
of  the  great  nerve-tract  systems  of  Meynert  and  Flechsig. 
The  great  '  Sch\vindelbau,'  literally  the  'disappearing  struc- 
ture' of  paleontology,  is  the  phyletic  tree  which  adorns  the 
end  of  many  good  as  well  as  superficial  papers;  and  recently, 
because  of  its  extremely  brief  life,  has  fallen  somewhat  into 
disfavor.  I  do  not  think  the  present  reaction  against  these 
'trees'  is  a  wise  one;  we  must  remember  they  are  the  work- 
ing hypotheses  of  our  branch  of  science  and  serve  to  most 
clearly  express  present  knowledge. 

To  illustrate  some  of  these  principles  of  modern  methods, 
let  us  first  look  at  the  evolution  of  the  teeth  in  the  rise  of  the 
mammalia.  The  teeth  and  the  feet  are  the  foci  of  mammalian 
evolution,  the  only  direct  points  of  contact  with  food  and  the 
earth.  Their  combined  use  in  phylogeny  has  increased  in 
interest,  because  their  evolution  has  proved  to  be  wholly  inde- 
pendent. We  recall  Cuvier's  famous  law  which  Balzac  said 
at  the  time  :  "  Kebuilt  like  Cadmus  cities,  from  a  tooth." 

Xo  generalization  has  been  more  thoroughly  routed  than 
that  of  a  necessary  law  of  correlation  between  tooth  and  foot 
structure.  Besides  the  orthodox  clawed  carnivores  and  hoofed 
pachyderms  of  the  great  French  anatomist,  we  have  discovered 
hoofed  carnivores  such  as  Mesonyx,  and  clawed  pachyderms 
such  as  Chalicotlierium.  Even  the  apparently  lasting  barriers 
of  correlation,  which  Owen  raised  between  the  even  and  odd- 
toed  ungulates,  have  broken  down  by  Ameghino's  discovery  of 
a  Litoptern  odd-toed  horse  with  an  even-toed  type  of  astra- 
galus. Not  only  is  there  no  correlation  of  type,  but  none  in 
the  rate  of  evolution.  Hipparion,  the  most  progressive  horse 
in  tooth-structure,  probably  owed  its  extinction  to  its  conser- 
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vative  preservation  of  its  ancestral  three  toes.  For  these 
reasons  the  teeth  and  feet,  owing  to  the  frequent  parallels  of 
adaptation,  may  wholly  mislead  us  if  taken  alone  ;  while,  if 
considered  together,  they  give  us  a  sure  key  ;  for  no  case  of 
exact  parallelism  in  both  teeth  and  feet  between  two  unrelated 
types  has  yet  been  found,  or  is  likely  to  be.  This,  I  believe, 
is  the  one  lesson  of  later  work  which  reverts  to  older  methods ; 
we  should  not  base  either  classification  or  descent  upon  the 
teeth  or  feet  alone.  Every  additional  character  diminishes  the 
chances  of  error. 

The  evolution  of  foot  structure  has  now  become  a  science 
and  advances  have  been  made  in  the  principles  of  progression 
from  the  plantigrade,  pentadactyl  serial  types  to  the  unguli- 
grade,  monodactyl  alternating  types  which  are  of  the  greatest 
importance  in  classification  and  phylogeny.  It  is  surprising 
how  little  attention  was  given  to  ungulate  foot  structure 
between  the  time  of  Cuvier  and  Kowalevsky.  Owen's  gener- 
alization as  to  the  A^rtiodactyl  and  Perissodactyl  pes  formed 
the  one  bright  exception.  Kowalevsky  first  directed  attention 
to  the  importance  of  the  more  median  metacarpals  displacing 
or  spreading  to  gain  a  stronger  foothold  upon  the  carpal s  as 
the  lateral  toes  disappeared.  Ryder  also  worked  out  the  laws 
of  reduction.  The  discovery  of  Phenacodus  led  Cope  to  the 
final  generalization  that  the  primitive  ungulates  were  not  only 
plantigrade  but  had  some  of  their  carpals  and  tarsals  in  vertical 
rows  like  bricks  clumsily  set  with  unstruck  joints — and  that 
one  great  law  of  evolution  towards  digitigradism  was  to  pro- 
duce diplarthry  or  alternating  joints.  As  he  found  this  alter- 
nation differed  both  in  degree  and  kind  in  different  groups, 
he  revived  the  comprehensive  "  Ungulata,"  of  Linnaeus  and 
divided  all  hoofed  mammals  exclusively  upon  their  foot  struc- 
ture into  five  great  orders. 

Riitimeyer  and  myself  have  shown  that  however  successful 
and  convenient  this  system  appears,  Cope's  lines  of  division 
ignore  the  fundamentally  different  modes  of  evolution  of  the 
fore  and  hind  feet ;  an  animal  may  be  a  taxeopod  in  front  and 
a  diplarth  behind  or  vice  versa.  Numerous  exceptions  to 
Cope's  definitions  are  also  found.  The  discovery  of  the  aber- 
rant ungulate  foot  types  of  South  America  further  invalidates 
Cope's  system  and  sustains  the  principle  that  to  be  permanent 
classification  must  be  based  upon  at  least  two  entirely  diverse 
sets  of  characters.  This  does  not  diminish  the  importance  of 
the  primitive  taxeopod  plantigrade  type  as  one  great  key  to 
the  still  unsolved  problems  of  the  primary  relationships  of  the 
Condylarthra,  Hyracoidea,  Amhlypoda,  Proboscidia,  Toxo- 
dontia,  Litopterna,  Artiodactyla  and  Perissodactyla.  All  these 
orders  still  stand  apart  in  the  dim  past  like  so  many  mile-posts. 
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While  Cope  overestimates  the  feet  in  these  larger  divisions, 
man;^  writers  in  Europe  still  depend  wholly  upon  the  teeth 
and  ignore  the  wide  degrees  of  divergence  such  as  are  indi- 
cated in  the  Perissodactyla  for  example  in  functional  tetra-, 
tri-  and mono-dactylism.  By  "functional"  we  refer  to  tenden- 
cies which  are  not  expressed  in  the  bare  digital  formulas — and 
which  have  the  same  relation  to  the  feet  that  the  dental  curve 
has  to  the  teeth.  The  evolution  of  a  monodactyl  tendency  is 
not  the  work  of  a  century  but  of  a  geological  period,  a  princi- 
ple which  we  wholly  ignore  when  we  place  the  monodactyl 
Anchitheres  with  the  tridactyl  Palseotheres,  on  the  ground 
that  their  dental  type  and  digital  formulae  are  identical. 
How  many  toes  an  animal  has  is  of  far  less  importance  than 
how  these  toes  are  being  displaced  and  reduced. 

Loioer  Mesozoic  Pro- Mammalia, 

With  the  exception  of  the  triassic  Theriodesmus  of  Seelye, 
no  mammal  is  known  by  its  limbs  or  skeleton  until  we  reach 
the  basal  Eocene ;  in  studying  the  first  steps  in  the  rise  of  the 
mammalia,  we  are  thus  practically  driven  to  the  teeth  and  jaws 
alone  In  these  straits  of  the  fossil-hunter,  embryology  has 
lately  come  famously  to  aid. 

Assuming  their  remote  reptilian  origin,  agreeing  with  Baur 
and  Kiikenthal  that  the  theromorph  reptiles  were  parallel  with 
rather  than  ancestral  to  the  mammals,  and  therefore  placing 
before  both  groups  the  hypothetical  Sauro-m^am^m^als  in  or 
below  the  Permian,  we  come  to  the  old  question  which  Huxley 
discussed  in  his  famous  anniversary  address:  "Was  there  a 
succession  between  Monotremes,  Marsupials,  and  Placentals, 
or  a  parallel  development  from  a  common  pro-mammalian 
type  ?"  Then  wc  look  to  the  newer  questions,  "  When  were 
the  Edentates  and  Cetaceans  given  off  ?" 

Modern  tooth-science  springs  first  from  the  recent  demon- 
stration of  Riitimeyer's  hypothesis  of  1869,  that  the  teeth  of 
all  the  mammals  center  around  a  single  reptile-derived  type. 
With  a  single  exception,  which  I  believe  can  be  disposed  of, 
various  stages  of  trituberculism  or  a  three-cusped  condition 
have  become  the  standard  for  the  teeth,  as  pentadactyly  has 
long  been  for  the  feet,  except  that  this  is  developed  within 
the  mammalian  stem,  while  our  five  fingers  are  a  reptilian 
legacy.  Second,  it  springs  from  the  recent  thorough  explora- 
tion of  the  youngest  jaws  for  evidences  as  to  the  primitive 
form  and  succession  of  the  teeth.  This  also  supports  the 
reptile  theory  of  tooth  descent  by  proving,  what  has  been  in 
considerable  doubt,  that  the  Pro-mammalia  had  a  multiple  suc- 
cession of  teeth  like  the  reptiles,  and  that  even  some  of  the 
modern  mammals  retain  dim  traces  of  four  series  of  teeth. 
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The  brilliant  discoveries  of  Kiikenthal,  Leehe,  and  Rcise 
begin  to  show  how  in  various  ways  the  mammals  early  mod- 
ified the  regular  succession  of  all  the  teeth  by  suppression  of 
parts  of  the  multiple  series  ;  this  is  the  first  thing  to  consider. 
The  next  is  how  heterodontism  arose,  how  the  conic  rows  of 
teeth  were  specialized  in  different  parts  of  the  jaw  for  three 
or  four  functions  ;  as  a  certain  number  of  teeth  took  up  each 
function,  the  question  arises  whether  this  number  or  dental 
formula  was  ever  the  same  in  all  the  mammals,  for  we  know 
it  is  very  different  now.  After  the  teeth  were  thus  divided, 
some  functions  became  more  important  than  others,  and  estab- 
lished a  monopoly,  causing  first  a  marked  difference  in  the 
relative  development  of  the  series,  which  we  may  express  in  a 
dental  curve,  resulting  finally  in  a  loss  of  certain  teeth.  In 
the  meantime  began  the  special  evolution  of  the  form  of  the 
back  teeth,  or  molars.  Was  this  alike  in  all  mammals,  was  it 
tritubercular?  It  is  surprising  how  many  problems  of  early 
relationship  are  at  stake  in  these  simple  processes. 

Prim  itive  Diphyodon tism. 

What  does  sitccessioii  really  consist  in  ?  It  now  appears 
that  Baume  was  right  in  denying  that  the  first  tooth  is  the 
mother  of  the  second  ;  for  the  teeth  of  the  lower  as  well  as 
the  upper  series,  spring  from  the  common  epithelial  dental 
fold  (Schmelzleiste)  which  dips  down  from  the  surface  and 
extends  the  whole  length  of  the  jaw;  at  intervals  it  buds  off 
the  dental  caps  (Schmelzkeim)  oi  the  first  series:  after  these 
are  separated  off,  the  dental  fold  sinks  and  buds  off  the  dental  caps 
of  the  second  series,  always  below  and  inside  the  first ;  thus  the 
fold  is  the  mother  and  the  caps  are  sisters,  twins,  or  triplets, 
according  to  the  number  of  the  series.  In  all  young  mam- 
mals, including  the  traditi(mal  monophyodont  Cetaceans  and 
Edentates,  and  excepting  only  the  still  unexplored  Monotreme 
embryos,  traces  of  two  series  of  teeth  have  been  found.  Both 
Leche  and  Rcise  have  detected  evidence  that  the  dental  fold 
sometimes  buds  off  parts  of  a  third  series,  thus  explaining  the 
occasional  reversion  of  supernumerary  teeth  on  the  inner  side 
of  the  second  series,  and  Leche  has  seen  traces  of  budding 
preceding  the  first  series — thus  giving  us  vestiges  of  four  suc- 
cessions ! 

All  our  perplexities  as  to  the  relations  of  the  milk  and  per- 
manent teeth,  and  the  ingenious  but  mistaken  hypotheses  of 
Baume,  Flower,  Wortman,  have  sprung  from  our  want  of 
evidence  of  the  regular  and  complete  diphyodon  tism  of  the 
8tem  mammals.  The  solution  in  brief  is  that  the  ^'  milk  teeth  " 
and  the  "  true  molars  "  are  descended  from  the  first  series,  while 
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the  second  series  is  represented  by  the  "  permanent  incisors 
canines,  and  premolars"  and  rudiments  of  dental  cape  beneath 
the  true  molars.  The  mammals  early  began  to  diverge  from 
this  primitive  diphyodontism  in  many  ways;  apparently  adapt- 
ing the  first  and  second  series,  respectively,  to  their  infant  ard 
mature  feeding  habits:  losing  parts  or  all  of  one  series  or  the 
other,  and  in  some  cases  pushing  teeth  of  the  second  series  in 
among  the  first ;  this  intercalation  has  been  a  most  confusing 
factor  to  us. 

In  the  Marsupials  (Kiikenthal)  almost  the  entire  first  series 
became  permanent ;  thus  from  the  Jurassic  period  to  the 
present  time  only  a  solitary  fourth  premolar  of  the  second 
series  has  pushed  out  its  elder  sister  tooth,  and  Rose  has 
observed  that  an  outer  upper-incisor  also  pushes  up  from  the 
second  series ;  the  remainder  of  the  second  series  still  persist 
as  rudi mental  dental  caps  beneath  the  first,  even  beneath  the 
first  and  second  molars  I  There  are  wide  variations  among  the 
Placentals;  thus  in  the  lowest  existing  forms,  the  Insectivora, 
Leche  finds  that  in  the  Shrew  (JSorex)  the  second  series  is  sup- 
pressed entirel}^,  while  in  the  Hedgehog  {Krhiacev^)  of  the 
twelve  permanent  teeth  in  the  anterior  part  of  the  jaws  five 
belong  to  the  first  series  and  seven  to  the  second.  We  thus 
meet  with  the  paradox,  that  among  the  "  primitive  "  Marsupials 
and  Insectivores  the  regular  reptilian  succession  was  early 
interrupted,  while  in  all  the  "  higher  "  mammals  the  reptilian 
succession  of  two  series  was  retained  in  the  anterior  part  of 
the  jaw.  Beneath  the  posterior  highly  specialized  molar  teeth 
of  both  Marsupials  and  Placentals,  the  second  teeth  were  early 
suppressed,  although  in  the  Edentates,  which  also  originally 
had  specialized  molars,  there  is  a  typical  succession  of  seven 
teeth  behind  the  canine.  These  discoveries  prove  that  the 
whale  teeth,  like  their  paddles,  have  acquired  a  secondary 
adaptive  resemblance  to  those  of  the  Icthyosaurs.  How  did 
the  single  and  simple  teeth  of  the  Edentates  and  Cetaceans 
develop  ?  Clearly  by  retrogression.  As  Leche  points  out  in 
the  aquatic  Carnivora,  in  which  the  first  series  are  degenerat- 
ing, the  single-series  condition  (monophyodontism)  advances 
step  by  step  with  retrogressive  simplification  of  the  tooth  form 
(homo(lontism) ;  thus  in  the  true  seals,  the  eared  seals  and  the 
walruses,  as  the  permanent  teeth  become  simpler,  the  milk 
teeth  become  smaller.  The  Edentates,  so  widely  separated 
genetically,  parallel  the  seals  in  tending  to  suppress  the  first 
series  of  teeth  and  simplify  the  crowns  of  the  second  series  at 
the  same  time.  We  might  jump  to  the  conclusion  that  this 
gives  us  an  explanation  of  the  homodont  and  apparently  mono- 
phyodont  condition  of  the  toothed  whales,  especially  as  it  has 
been  supposed  they  sprang  from  aquatic  Carnivora,  but  in  this 
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order  mattere  were  reversed,  for  the  first  series  persisted  and 
the  second  series  were  suppressed  and  persist  as  a  rudimental 
row  of  tooth  caps  buried  m  tlie  jaw. 

Each  dental  series  has  an  adaptive  evolution  of  its  own,  in 
Erinaceus  the  first  series  has  an  ancient  and  the  second  a 
modern  form ;  in  Ericulns  both  series  are  alike  ;  in  the  Bats 
the  first  series  is  homodont  the  second  is  heterodont  (Leche) ; 
in  the  Edentates  the  first  series  is  ancient  and  heterodont  the 
second  is  modern  and  homodont  (Thomas,  Rheinhardt);  so 
among  the  Cetacea  and  Ungulata. 

What  deep  and  ancient  clefts  the  different  laws  of  succes- 
sion mark  between  the  Marsupials  and  these  three  Placental 
groups. 

Primitive  Seterodontism  and  Formxda, 

Now  that  all  mammals  are  led  back  to  a  distant  diphyodont 
stem,  it  is  also  true  that  the  further  we  go  back  both  in  palin- 
genesis and  embryogenesis,  the  more  widespread  heterodont- 
ism  is — all  modern  homodontism  proving  to  be  secondary. 
The  simple  conic  teeth  of  the  porpoise,  for  example,  bear 
a  misleading  resemblance  to  those  of  a  reptile.  Flower, 
Weber,  Julin,  and  Kiikenthal  agree  that  the  ancestral  whales 
and  edentates  were  heterodont  and  had  a  smaller  number  of 
teeth  than  the  existing  forms. 

Heterodontism  is  then  the  second  problem.  When  did  the 
division  of  the  teeth  into  incisors,  premolars,  and  molars  occur, 
before  or  after  the  Monotremes,  Marsupials,  and  Placentals 
separated?  It  is  well  settled  that  the  canine  was  the  first 
maxillary  tooth,  and  developed  from  the  most  anterior  bi- 
fanged  premolar;  also,  from  the  discovery  of  complete  succes- 
sion, we  must  now  define  the  first  molar  as  the  most  anterior 
specialized  or  triconid  tooth,  not  as  the  most  anterior  perma- 
nent tooth.  It  seems  to  me  we  now  find  strong  evidence  that 
the  stem  mammals  had  a  uniform  number  of  each  kind  of 
teeth ;  in  other  words,  a  uniform  dental  formula.  The 
Monotremes  are  most  in  doubt  as  the  existing  forms  point 
only  to  primitive  heterodontism.  It  will  be  a  great  step  for- 
ward when  we  learn  whether  or  not  the  Multituberculatcs  are 
Monotremes — the  resemblance  of  their  molars  to  those  of  the 
Duckbill  is  very  superficial,  for  the  Duckbill  upper  molars 
lack  the  intermediate  row  of  tubercles  universally  seen  in  the 
Multituberculatcs,  and  look  to  me  rather  like  degenerate  Tri- 
tuberculate  teeth.  Cope  has  recently  found  in  the  Cretaceous 
rocks  a  remarkable  Trituberculate,  which  he  names  Thlaeodon  ; 
the  jaw  of  this  animal  is  neither  Placental  nor  Marsupial ;  it 
is  like  that  of  the  Multituberculatcs — and  both  resemble  re- 
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motely  the  degenerate  modem  Monotreme  jaw.  All  we  can 
say,  therefore,  is  that  the  Multituberculates  are  an  archaic 
gronp,  highly  specialized  even  in  the  Trias,  that  they  were 
probably  Monotremes,  and  neither  structurally  nor  functionally 
akin  to  the  Diprotodont  Marsupials  (Owen)  nor  to  the  Micro- 
biotheridffi  (Ameghino).  With  a  dental  mechanism  and  a  con- 
dyle exactly  like  that  of  the  rodents,  they  show  no  trace  of 
canines,  and  the  mode  of  evolution  of  their  peculiar  molars 
was  probably  paralleled  later  in  the  rodents.  They  present 
vestiges  of  a  primitive  dental  formula,  like  this:  I^C?  P4. 
Jf4-f .  Thla£odon  shows  (7 1,  P  4,  JJf 3.  Thus,  so  far  as  this 
doubtful  paleontological  evidence  goes,  the  Monotremes  had 
a  typical  formula. 

Our  next  step  is  to  unify  the  typical  5,  1,  3,  4  of  recent 
Marsupials  with  the  3,  1,  4,  3  of  higher  Placentals.  Thomas 
has  shown  in  his  studies  of  recent  Marsupials  that  they  have 
probably  lost  one  of  the  four  typical  premolars  {pm.  2) ;  this 
observation,  fortunately,  is  partly  confirmed  by  Rose's  finding 
an  embryonic  germ  of  this  tooth.  Ignoring  the  incisors  of 
the  Jurassic  Marsupials,  Thomas  raised  the  number  of  ances- 
tral incisors  to  five,  the  highest  number  known  among  recent 
Marsupials;  R()se  therefore  made  another  step  towards  uni- 
formity when  he  showed  that  the  Marsupial  i.  5  is  probably  a 
member  of  the  second  series  of  incisors,  and  should  not  be 
reckoned  with  the  first.  Now,  if  we  suppose  that  the  Pla- 
centals have  lost  one  incisor,  and  one  molar  (abundant  evidence 
of  which  is  found  in  Otocyon,  Centetes  and  Homo),  we  derive 
as  the  ancestral  formula  of  both  orders  : 

Incisors,  4 ;  Canines  and  Premolars,  5 ;  Molars,  4. 

The  aberrant  placental  Cetacea  point  in  the  same  direction 
as  we  read  in  the  conclusion  of  Weber's  fine  memoir :  "All 
the  Cetacea  sprang  from  a  stem  with  a  heterodont,  but  only 
partly  specialized  dentition  (something  like  that  of  Zeuglodon, 
3,  1,  j^  <fc  m.' 7).  .  .  .  not  direct  from  Carnivores  or  Ungulates, 
but  from  a  generalized  mammalian  type  of  the  Mesozoic  period, 
with  some  affinities  with  the  Carnivora.  .  .  .  Zeuglodon  itself 
branched  off  extremely  early  from  the  primitive  line,  and  the 
heterodont  Squalodon  (mark  its  formula,  3,  1,  4,  7),  ''  branched 
off  later  from  the  toothed  whale  line,  after  the  teeth  had  begun 
to  increase  in  number  and  before  homodontism  had  set  in." 
It  would  be  easier  for  us  while  speculating  to  take  Squalodon 
and  the  Odontocetes  directly  from  the  Jurassic  mammalian 
formula  (3,  1,  4,  8).  As  for  the  multiplication  of  this  formula, 
we  have  found  the  way,  says  Kiikenthal,  by  which  numerous 
homodont  teeth  have  arisen  from  a  few  neterodont  molars, 
it  is  hy  the  splittin(j  up  of  the  numerous  t/riconid  molars  of 
Jurassic  ancestors  into  three.     He  substitutes  this  hypothesis 
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for  the  one  advocated  by  Baume,  Julin,  Weber,  and  Winge, 
that  the  multiple  cetacean  teeth  represent  the  intercalation  or 
joint  appearance  of  both  the  first  and  second  series  of  teeth, 
owing  to  the  elongation  of  the  jaw — a  view  which  is  now  dis- 
proved by  KiikenthaPs  discovery  of  the  second  row  beneath 
the  first.  Since  even  by  Kiikenthal's  hypothesis  the  typical 
Mesozoic  mammals  could  not  furnish  as  many  teeth  as  are 
found  in  some  of  the  dolphins,  a  likelier  explanation  than  his 
seems  to  be  that  as  the  jaws  were  elongated  the  dental  fold 
was  carried  back  and  the  dental  caps  were  multiplied. 

The  Edentates,  like  the  Cetaceans,  point  back  to  hetero- 
dontism,  and  somewhat  less  clearly  to  a  typical  dental  formula. 
We  are  here  indebted  to  Flower,  Rheinhardt,  Thomas,  Kiiken- 
thal,  and  Rose.  It  is  their  rudimental  and  useless  first  series 
which  gives  the  evidence  of  heterodontism,  while  the  second 
series  has  become  adaptively  rootless  and  homodont.  The 
especially  aberrant  feature  is  that  a  double  succession  exists  in 
the  typical  ''true  molar"  region.  The  adult  nine-banded 
Armadillo  presents  only  eight  maxillary  teeth,  seven  of  which 
are  preceded  by  two-rooted  milk  teeth  (Tomes) ;  in  the  embryo 
Leche  finds  fifteen  dental  caps,  of  which  only  thirteen  are 
calcified ;  this  number  probably  includes  the  four  rudimentary 
incisors  observed  by  Rheinhardt.  In  the  aberrant  Oycteropus 
(Aard-Vark),  with  ten  adult  teeth,  Thomas  finds  seven  milk 
teeth  behind  the  maxillary  suture  (thus  taking  us  into  the 
molar  region  of  the  typical  heterodonts).  The  last  of  these 
milk  teeth  is  large,  and  two-rooted  ;  behind  this  are  three  large 
permanent  posterior  teeth,  apparently  belonging  to  the  first 
series.  The  large  lateral  tooth  of  Bradypus  is  suggestive  of  a 
canine.  From  this  rapidly  accumulating  evidence  it  appears 
probable  that  the  ancestral  Edentates  had  four  incisors,  a  canine 
and  eight  or  more  teeth  behipd  it,  the  double  succession  ex- 
tending well  back  so  that  the  first  series  did  not  become  perma- 
nent at  the  fifth  tooth  behind  the  canine  as  in  the  Marsupials 
and  higher  Placentals.  If  these  are  primitive  conditions,  as 
seems  probable  from  comparison  with  fossil  Edentates,  they 
carry  the  divergence  of  the  Edentates,  like  that  of  the  Ceta- 
ceans, back  into  the  Mesozoic  period.  Comparative  anatomy 
and  embryology  thus  point  back  to  highly  varied  branches  of  a 
generalized  placental  heterodont  stem  in  the  Mesozoic,  and  a 
much  earlier  divergence  than  we  formerly  imagined.  Now 
let  us  see  what  the  early  Mesozoic  mammals  point  forward  to. 

There  are  three  distinct  and  contemporary  Jurassic  types, 
the  Multituberculates,  the  Triconodonts,  and  the  Trituber- 
culates.  Are  not  these  the  representatives  of  the  Prototheria, 
Metatheria,  and  Eutheria?  In  the  archaic  Multituberculates 
we  have  seen  a  monotreme  type  of  jaw  and  vestiges  of   a 
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typical  ancestral  formula.  The  Triconodonts  are  a  newer 
group,  perhaps  derived  from  the  Dromotheriidae  (incipient  Tri- 
conodonts) of  the  Trias  although  these  appear  to  be  aberrant ; 
the  typical  forms  extend  from  Amphilestes  to  Triconodont, 
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and  exhibit  the  first  stages  of  development  of  the  inflected 
Marsupial  jaw.  The  Tritnberculates  include  the  Amphi- 
theriidae  and  Ainblotheriidae  with  true  tuberculo-sectorial 
lower  molars,  like  those  of  modern  Insectivores ;  they  alone 
exhibit  the  typical  angular  placental  jaw, — no  reason  can  be 
assigned  for  calling  them  Marsupials,  excepting  the  traditional 


H,  F.  Oahorn — Mammalia  in  North  America.        891 

reverence  for  the  Marsupial  stem  theory.  Now,  it  is  very 
significant  that  the  average  dentition  of  these  old  but  highly 
diverse  forms,  namely,  Multituberculates,  3?,  4,  6,  Tricono- 
donts,  4,  1,  4,  7,  Trituberculates,  4,  1,  4-5,  8,  is  also  the  denti- 
tion to  which  the  existing  mammals  apparently  revert. 

Thus,  the  tendency  of  late  research  is  to  show  that  all  stem 
mammals  were  related  in  their  double  succession,  in  their 
dental  formula,  and  in  their  primitive  molar  form.  These 
features  point,  not  to  a  succession,  but  to  a  unity  of  ancestry 
of  the  Monotremes,  Marsupials,  and  Placentals. 

Divergence  of  the  three  Groups, 

The  discovery  of  the  complete  double  series  seems  to  have 
removed  the  last  straw  from  the  theory  of  the  Marsupial 
ancestry  of  the  placentals,  for  the  peculiar  mode  of  suppres- 
sion of  the  second  series  in  the  Marsupials  has  been  constant 
since  the  Purbeck ;  this  diflSculty  is  added  to  the  structure  of 
the  jaw,  the  epipubic  bones,  the  profoundly  different  mode  of 
foetal  nutrition.  None  the  less,  any  conclusion  we  can  draw 
now  as  to  the  primary  relations  of  the  three  great  groups  is 
more  or  less  of  a  "  Schwindelbau,"  and  I  put  together  the 
results  of  these  later  discoveries  with  a  full  realization  of  the 
temporary  character  of  present  conclusions. 

The  Permian  Sauro-Mammalia  (Baur)  with  a  multiple  suc- 
cession of  simple  conical  teeth  divided  into  :  A,  Theromorpha, 
which  lost  the  succession  and  in  some  lines  acquired  a  hetero- 
dont  dentition  and  triconid  single-fanged  molars ;  B,  Pro- 
mammalia. 

The  hypothetical  lower  Triassic  Promammalia  retained  a 
double  succession  of  the  teeth ;  they  became  heterodont,  with 
incipient  triconid  double- fanned   molars;  dental  formula  ap- 

?>roximating  4,  1,  4-5,  8.  They  gave  rise  to  three  groups: 
.  The  Prototheria  which  passed  rapidly  through  the  trituber- 
cnlar  into  the  multitubercular  molars  in  the  line  of  Multituber- 
culates, and  more  slowly  into  trituberculy  and  its  later  stages 
in  the  line  of  Monotremes.  II.  The  Metatheria  or  Marsupials 
tended  to  suppress  the  second  series  of  teeth,  except  those 
intercalated  with  the  first ;  by  this  and  by  reduction  the 
formula  became  5,  1,  3,  4-6  ;  the  molars  passed  slowly  through 
the  triconodont  into  the  typical  tritubercular  type.  III.  The 
Eatheria  or  Placentals  divided  early  into  a  number  of  branches, 
in  which  there  was  heterodontism,  but  no  uniform  modification 
of  succession,  namely  :  A,  forms  suppressing  the  second  series 
in  the  molar  region  only,  and  acquiring  a  typical  Entherian 
dentition,  3, 1,  4,  3-4     1.  The  Insectivores  tended  to  partly 
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suppress  the  anterior  teeth  of  the  second  series  or  intercalate 
them  with  teeth  of  the  first  series ;  the  molars  became  trituber- 
cular.  2,  The  higher  Placentals  retained  the  succession  of 
the  first  and  second  series  as  far  back  as  the  first  molar ;  the 
molars  entered  rapidly  into  trituberculy  and  its  higher  stages. 
B,  forms  retaining  the  double  succession  in  part  of  the  molar 
region,  and  retaining  more  of  the  primitive  dentition,  4,  1,  4, 
8.  8.  The  Edentates  branched  off  from  an  early  triconodont 
or  tritubercular  diphyodont  stage,  with  numerous  molars,  and 
secondarily  suppressed  the  first  heterodont  series,  and  estab- 
lished a  numerous  homodont  second  series.  4.  The  Cetacea 
also  branched  oflE  from  a  diphyodont,  heterodont  stage,  and 
secondarily  established  a  numerous  homodont  first  series,  and 
suppressed  the  second  series. 

[To  be  continued.] 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Effect  of  Temperature  on  the  Rotatory  Power  of 
Liquids. — It  has  been  shown  by  Aignan  that  in  cases  where  a 
liquid  is  optically  inactive  because  it  is  a  mixture  of  two  active 
substances  of  opposite  rotatory  powers,  the  inactivity,  as  a  rale, 
will  hold  only  for  rays  of  a  certain  wave-length.  In  consequence 
the  mixture  will  be  active  in  one  direction  for  rays  of  shorter 
wave-length  and  active  in  the  opposite  direction  for  rays  of 
greater  wave-length.  This  phenomenon  is  well  shown,  for  ex- 
ample, with  mixtures  of  Isevogyrate  terebenthene  and  dextrogyrate 
camphene.  Moreover,  in  such  liquids  the  optical  equilibrium  will 
be  disturbed  by  a  change  of  temperature;  the  liquid  becoming 
active  in  one  direction  when  the  temperature  rises  and  in  the 
other  direction  when  the  temperature  falls.  This  phenomenon, 
also,  is  observed  with  mixtures  of  terebenthene  and  camphene. 
With  red  rays  the  rotatory  power  changes  sign  between  61°  and 
73°,  and  with  yellow  rays  between  13°  and  33°;  while  with  green 
rays  the  liquid  is  always  dextrogyrate  between  13®  and  90°,  the 
rotatory  power  increasing  with  the  temperature.  Phenomena  of 
this  kind  were  long  ago  observed  by  Biot  in  the  case  of  solutions 
of  tartaric  acid.  And  the  author  suggests  that  the  results  obtained 
by  Colson  ( C,  i?.,  cxvi,  319)  are  explicable  on  the  supposition  that 
the  liquids  used  by  him  are  mixtures  of  two  substances  of  oppo- 
site optical  activities,  the  variations  in  the  rotatory  power  being 
due  to  the  causes  above  mentioned. —  C,  JR.,  cxvi,  725;  X  Chem, 
Soc,  Ixiv,  II,  364,  August,  1893.  G.  F.  B. 

2.  On  the  Flame  ISpectra  of  Metals,— The  ultra-violet  portion 
of  the  flame  spectra  of  the  salts  of  certain  metals  has  been  photo- 
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graphed  by  Cochin.  For  this  purpose  he  used  a  spectrograph 
with  quaitz  prisms  and  quartz  and  Iceland  spar  lenses,  the 
gelatino-bromide  film  being  curved  so  that  all  the  lines  were  in 
focus.  The  water  bands  at  wave-length  309  were  obtained  in  all 
cases,  but  there  were  no  lines  or  bands  of  higher  refrangibility 
than  this  observed  in  any  case,  even  when  the  exposure  was  quite 
long.  In  the  case  of  the  hydrogen  flame  the  results  are  practically 
the  same,  though  the  spectra  are  somewhat  more  luminous.  In 
these  spectra,  the  line  A413  of  lithium  is  shown,  and  the  double 
line  A330*3  and  A330-2  of  sodium,  obtained  in  the  electric  arc 
spectrum  by  Kayser  and  Ruuge.  Rubidium,  in  addition  to  the 
visible  line  A420,  gives  the  two  doublets  at  A359-1-358-7  and 
A835*l-334-8,  observed  by  Kayser  and  Runge;  especially  if  the 
hydrogen  flame  is  employed.  Csesium  gives  the  lines  A388, 
A361'5  and  A347*75,  in  addition  to  the  visible  blue  lines  A469'7- 
450 ;  also  corresponding  apparently  to  lines  seen  by  Kayser  and 
Range.  No  ultra-violet  lines  were  observed  in  the  spectra  of 
calcium,  strontium  or  barium,  though  the  visible  lines  were  pho- 
tographed. Thallium  gave  lines  at  A353  and  A3 78  in  the  ultra- 
violet; thus  resembling  the  alkali-metals. —  C,  JR.,  cxvi,  1055; 
J.  Ghem,  Soc.y  Ixiv,  II,  402,  September,  1893.  g.  f.  b. 

3.  On  the  Spectrum  given  by  Nickel-carbonyL — According  to 
LivKiNG  and  Dewar,  nickel-carbonyl,  when  mixed  with  hydrogen 
and  burned  in  oxygen  at  a  porcelain  jet,  exhibits  a  spectrum  which 
consists  of  two  parts:  (1)  the  spectrum  of  the  main  body  of  the 
green  flame ;  and  (2)  that  of  the  base  of  the  flame.  The  spectrum 
of  the  main  body  consists  of  a  series  of  shaded  bands,  brightest 
in  the  green  but  extending  on  the  red  side  beyond  the  red  lithium 
line  and  on  the  violet  side  well  into  the  blue.  These  bands  have 
their  sharp  edges  on  the  more  refrangible  side.  Besides  the 
bands  a  few  visible  lines  appear,  only  one  of  which  A5476  is  a 
known  line  of  nickel.  In  the  ultra-violet  part,  however,  a  great 
number  of  nickel  lines  were  photographed.  In  the  spectrum  of 
the  base  of  the  flame  there  are  two  principal  groups  of  lines,  one 
in  the  orange  and  red,  the  other  in  the  citron  and  yellow.  None 
of  them  appear  to  be  nickel  lines. — Proc.  Roy,  Soc,^  lii,  117;  J, 
Chem,  Soc,  Ixiv,  II,  404,  Sept.  1 893.  G.  F.  b. 

4.  On  the  Optical  Properties  of  Liquid  Oxygen, — By  means  of 
a  specially  constructed  apparatus  Olszewski  and  Witkowski 
have  succeeded  in  determining  the  angle  of  total  reflection  in  liquid 
oxygen;  and  from  this  they  have  deduced  the  index  of  refraction 
of  this  substance.  As  thus  found,  the  relative  refractive  index 
of  liquid  oxygen  appears  to  be  1*2232  and  the  absolute  index 
1*2235;  this  latter  value  agreeing  closely  with  1*2236,  that  found 
by  Liveing  and  Dewar.  The  absorptive  power  of  a  column  of 
liquid  oxygen  one  millimeter  in  thickness,  between  A577  and  A570, 
i.  e.,  in  the  most  intense  portion  of  the  yellowish-green  absorption 
band,  was  found  to  be  between  84  and  89  per  cent ;  while  for 
the  red  absorption  band  between  A630  and  A638,  the  mean  value 
of  the  absorption  obtained  was  88  per  cent. —  Ghem,  Gentr,^  i,  595 ; 
J,  Ghem,  Soc,  Ixiv,  II,  353,  August,  1893.  G.  F.  b. 
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5.  On  the  formation  of  Ozone  from  Oxygen, — Ad  extended 
series  of  experiments  has  been  made  by  Shenstonb  and  Peiest 
on  the  production  of  ozone  by  the  action  of  the  electric  discharge 
upon  oxygen,  attention  being  paid  especially  to  the  effect  of  greater 
or  less  differences  of  potential,  of  the  rapidity  of  the  discharges 
and  of  the  construction  of  the  ozone  generator.  In  producing 
ozone  in  this  way  the  chief  points  requiring  attention  are  the  fol- 
lowing: (1)  the  ozone  generator  should  be  cooled,  which  is  best 
done  with  an  apparatus  of  the  Brodie  form;  (2)  it  should  be 
made  of  the  thinnest  glass  that  can  be  drawn  of  the  requisite  size 
and  uniformity;  (3)  its  inner  tube  should  fit  fairly  closely  into 
the  outer  tube ;  (4)  if  a  product  rich  in  ozone  be  required,  the 
oxygen  should  be  passed  through  the  ozonizer  very  slowly,  the 
potential  difference  should  not  be  too  high  and  the  breaks  in  the 
primary  current  should  not  exceed  1000  per  minute;  (5)  if  how- 
ever the  oxygen  is  to  be  charged  with  ozone  rapidly,  a  higher 
potential  difference  may  be  employed,  but  the  yield  is  less;  (6) 
the  best  results  are  given  by  a  large  induction  coil  if  the  rapidity 
of  its  action  be  well  managed.  These  experiments,  the  authors 
think,  throw  some  light  on  the  nature  of  the  process  itself,  by 
which  oxygen  is  converted  into  ozone.  They  show  that  unless 
the  path  of  the  discharge  be  very  short,  the  proportion  of  oxygen 
converted  into  ozone,  under  given  conditions  as  to  temperature 
and  pressure,  is  for ^  given  ozone, generator  practically  indepen- 
dent of  the  potential  difference  employed,  provided  that  the  range 
is  of  moderate  extent.  In  other  words  they  show  that  the  ulti- 
mate effect  of  the  discharge  is  conditioned  only  by  the  tempera- 
ture and  pressure  at  which  the  ozonizing  is  effected.  Moreover, 
these  experiments  show  that  any  circumstance  which  is  likely  to 
be  opposed  to  the  effective  cooling  of  the  gas  (such  as  great  fre- 
quency of  discharge,  or  the  employment  of  very  high  potential 
difference  with  a  short  path  for  the  discharge)  causes  a  falling  off 
in  the  proportion  of  ozone  formed  ;  whilst  any  circumstance  which 
promotes  the  efficiency  of  the  refrigerating  power  of  the  ozone 
generator  (such  as  employing  the  discharges  at  a  low  rate  of  fre- 
quency, or  using  an  ozone  generator  the  tubes  of  which  fit  closely, 
together  with  low  potential  difference)  raises  the  proportion  of 
ozone  considerably.  The  authors  regard  these  facts  as  support- 
ing distinctly  the  view  that  the  direct  effect  of  the  discharge  is 
not  to  produce  ozone  but  to  resolve  a  greater  or  less  proportion 
of  oxygen  molecules  into  atoms,  and  that  the  ozone  is  produced 
after  the  discharge  by  the  recombination  of  these  atoms ;  sinoe  if 
the  formation  of  ozone  depends  on  the  recombination  of  the  atoms 
of  oxygen  after  the  discharge,  we  should  expect  the  proportion  of 
ozone  formed  to  be  largely  influenced  first  by  the  refrigerating 
efficiency  of  the  generator  and  secondly  by  the  temperature 
employed. — J,  Chem,  /Soc,  Ixiii,  938,  July,  1893.  g.  p.  b. 

6.  On  Nitrocopper. — The  compound  called  by  Sabatibb  and 
Sbndbbens  nitrocopper,  is  obtained  by  passing  nitrogen  tetrox- 
ide  (peroxide)  over  finely  divided  metallic  copper  at  26-30%  this 
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copper  being  obtained  by  reducing  copper  oxide  by  means  of 
hydrogen  or  carbon  monoxide.  It  has  the  composition  Ca,NO, 
whether  made  with  pure  tetroxide  or  with  tetroxide  containing 
nitrogen.  Nitrocopper  is  permanent  in  dry  air,  but  decomposes 
into  copper  and  nitrogen  tetroxide  above  90°.  It  is  violently  de- 
composed by  water,  with  the  evolution  of  pure  nitrogen  dioxide 
and  the  formation  of  a  solution  of  copper  nitrite  and  nitrate. 
Hydrogen  has  no  action  in  the  cold  but  ammonium  nitrate  and 
free  ammonia  are  formed  when  the  temperature  is  rapidly  raised 
to  about  180**.  Carbon  monoxide  likewise  has  no  action  in  the 
cold  but  on  heating  nitrogen  tetroxide  is  evolved  and  reduced 
copper  is  left.  Sulphur  dioxide  on  heating  unites  with  the  nitro- 
gen tetroxide  evolved  forming  the  well  known  crystalline  com- 
pound, and  leaving  a  residue  of  partly  oxidized  copper  containing 
some  copper  sulphate.  Gaseous  ammonia  attacks  it  in  the  cold, 
forming  water  vapor  and  while  fumes  of  ammonium  nitrite  and 
nitrate,  the  mass  becoming  suddenly  incandescent,  forming  a  large 
quantity  of  ammonium  salts  and  leaving  a  residue  of  copper  and 
ammonio-copper  oxides.  In  short  nitrocopper  behaves  as  if  while 
the  copper  and  the  nitrogen  tetroxide  were  intimately  associated 
together,  each  retained  its  own  properties. —  C.  J?.,  cxvi,  756;  J. 
Chem.  Soc.^  Ixiv,  II,  374,  August,  1893.  g.  f.  b. 

7.  A  Dictionary/  of  Applied  Chemistry ;  by  T.  E.  Thobpk, 
assisted  by  eminent  contributors.  Vol.  III.,  1058  pp.,  8vo.  Lon- 
don, 1893  (Longmans,  Green  So  Co.). — This  substantial  volume  of 
upwards  of  1000  pages  marks  the  completion  of  a  work  of  no 
small  magnitude,  the  successful  accomplishment  of  which  is  a 
matter  for  congratulation,  not  only  for  the  editor-in-chief  and  his 
associates  but  also  for  the  chemical  public  as  well.  The  general 
scope  of  the  work  and  its  relations  to  the  original  edition  of 
Watts'  Dictionary  of  Chemistry  were  explained  in  a  notice  in 
this  Journal  (vol.  xxxix,  519,  also  xxxviii,  409)  of  volumes  I  and 
II.  The  third  volume  now  issued  contains  more  than  two-thirds 
the  amount  of  matter  in  the  other  volumes  taken  together.  It 
is  hardly  necessary  to  state  that  the  same  high  standard  of  excel- 
lence is  maintained  in  the  many  interesting  and  well  digested 
articles.  Some  of  the  subjects  treated  in  greatest  detail  are  the 
following  :  Petroleum,  by  Boverton  Redwood ;  photography,  by 
J.  M.  Thomson;  soap,  sulphur,  sulphuric  acid,  by  C.  R.  Alder 
Wright;  spectrum  analysis  by  W.  N.  Hartley;  starch,  by  John 
Heron ;  water,  by  P.  F.  Frankland ;  the  articles  upon  the  metals 
and  metallic  salts  are  also  to  be  noted.  The  value  of  the  articles 
is  increased  by  liberal  illustrations  and  by  the  references  to  the 
general  literature  often  given  at  the  end. 

8.  Connection  between  ether  and  matter, — Since  Fresnel's  time 
the  question  has  been  debated  whether  (1)  the  earth  carries  with 
it  the  ether  in  its  immediate  neighborhood,  thus  causing  a  dis- 
turbance, or  (2)  rushes  through  it,  and  it  through  the  earth,  each 
being  independent  and  moving  independently.  Dr.  Lodge  has 
endeavored  to  discover  whether  a   rapidly  revolving  steel  disc 
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(like  a  circalar  saw)  exercises  any  drag  upon  the  ether  in  its 
immediate  neighborhood.  He  uses  two  such  discs  of  tough  steel, 
above  a  yard  in  diameter,  rotating  in  parallel  planes  an  inch 
apart.  Running  the  discs  at  3000  revolutions  per  minute  he  can 
discover  no  effect  which  can  be  attributed  to  any  drag  of  the 
ether.  He  has  also  replaced  the  discs  by  an  oblate  spheroid  of 
wrought  iron  with  a  deep  channel  or  groove  cut  in  it  and  wound 
with  wire ;  but  the  rotation  of  this  transversely  magnetized  mass 
(weighing  about  a  ton)  does  not  set  the  ether  in  motion. — Nature^ 
Sept.  28,  1893.  j.  t. 

9.  ChronO'photographic  study  of  locomotion, — M.  Ma  ret  con- 
tinues his  work  upon  this  subject.  Reptiles  are  placed  in  a  circu- 
lar canal  where  they  can  run  on  indefinitely,  the  chrono-photo- 
graphic  apparatus  being  placed  above  the  canal.  Fishes  are 
made  to  swim  in  a  similar  canal  which  is  illuminated  from  above, 
so  that  they  appear  dark  on  a  light  ground.  An  eel  and  an 
adder  progress  in  the  water  in  the  same  manner.  A  wave  of 
lateral  inflexion  runs  incessantly  from  the  head  to  the  tail,  and 
the  speed  of  background  propagation  of  this  wave  is  only  slightly 
superior  to  the  velocity  of  translation  of  the  animal  itself.  In 
fishes,  provided  with  fins,  and  in  reptiles  possessing  feet,  there  re- 
mains in  general  a  more  or  less  pronounced  trace  of  the  undn- 
latory  motion  of  reptation. —  Comptes  RenduSy  Aug.  28  ;  Nature^ 
Sept.  V,  1893.  J.  T. 

10.  Electrical  oscillations  of  very  small  wave-lengt/is. — Right 
continues  the  description  of  experiments  he  has  conducted  on  this 
subject  (Nature,  June  22,  1893).  The  oscillator  consists  of  two 
small  metal  spheres  surrounded  with  oil  and  held  by  two  rods  of 
ebonite.  These  spheres  are  placed  between  the  discharging  rods 
of  a  large  Holtz  machine.  With  spheres  4^°*  in  diameter  the 
wave-length  of  the  radiation  obtained  was  20<^™,  while  with 
spheres  of  l'3<^°*  diameter  the  wave-length  was  about  *I^'^,  The 
resonator  was  of  a  novel  form  and  was  made  from  a  rectangular 
piece  of  silvered  glass  of  such  a  size  that  its  breadth  was  equal 
to  the  length  of  the  resonator  required.  The  varnish  was  then 
dissolved  off  the  back  of  the  silver  and  a  line  drawn  through  the 
silver  by  means  of  a  diamond,  so  as  to  divide  the  strip  of  silver 
into  two  equal  parts,  and  form  a  spark  gap.  By  this  means  a 
spark  gap  of  one  and  two  thousandths  of  a  millimeter  was  ob- 
tained. For  radiations  of  1*5^^  wave-length,  the  resonator  was 
made  of  a  strip  of  silver  3*9^"  long  and  0*2*^™  in  breadth.  With 
these  small  wave-lengths  the  sparks  ceased  to  be  visible  when  the 
distance  between  the  oscillator  and  the  resonator  was  a  meter,  but 
were  visible  at  a  distance  of  six  meters  from  the  oscillator  when 
a  parabolic  metallic  reflector  was  placed  behind  the  resonator. 
The  author  has  succeeded  in  producing  interference  by  Fresnel's 
method  of  inclined  mirrors.  It  was  found  that  ebonite,  paraffin 
and  rock  salt  are  perfectly  transparent.  A  plate  of  mica  l-^""^ 
thick  absorbs  10  per  cent  of  the  electric  radiation,  while  a  plate 
of  ordinary  glass  8™"^  thick  absorbs  37  per  cent  and  a  piece  of 
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quartz  cut  normally  to  the  axis  8™"  thick  absorbs  40  per  cent. — 
Trans,  Acad,  de  Lincei ;  Nature^  July  27,  1893.  j.  t. 

11.  Theory  of  electrical  waves  in  wires, — A.  Els  as  in  a  mathe- 
matical paper  shows  that  the  phenomena  observed  by  Hertz  can 
be  explained  on  the  old  theories  of  the  movement  of  electricity, 
developed  by  Kirchhoff,  '*  Ueber  die  Bewegung  der  Electricitat  in 
Drahten  "  and  also  by  Helmholtz.  Maxwell's  theory  of  electro- 
magnetic action  is  therefore  not  necessary  to  explain  the  Hertz 
effects.  Maxwell's  theory,  however,  still  remains  of  value  and  its 
truth  is  not  gainsaid  by  the  author. — Ajin,  der  Physik  und 
C/iemie,  No.  7,  1893,  pp.  487-608.  j.  t. 

12.  Polarization  of  ultra  red  rays  by  means  of  metallic  gratings, 
— H.  E.  J.  G.  Du  Bois  and  H.  Rubens  have  examined  this  sub- 
ject by  means  of  a  bolometer  which  was  inserted  in  the  telescope 
of  a  suitable  spectrometer.  The  amount  of  energy  transmitted 
was  measured  in  the  two  cases  when  the  rays  were  polarized  at 
right  angles  and  also  parallel  to  the  gratings.  The  authors  find 
a  fruitful  analogy  between  the  polarization  of  the  heat  rays  and 
the  polarization  of  the  electrical  rays  examined  by  Hertz. 

13.  Interference  of  electrical  waves  in  air. — This  has  been  shown 
by  Klemencic  and  Czbbmak  in  the  following  manner.  A  Hertz 
exciter  was  placed  at  thn  focus  of  a  parabolic  mirror  and  a  resona- 
tor at  the  focus  of  a  similar  mirror.  At  the  intersection  of  the 
axial  lines  of  the  mirrors  could  be  slid  two  parallel  plates  of  glass 
covered  with  tin  foil.  The  apparatus,  thus,  was  closely  analogous 
to  Fresnel's  apparatus  for  showing  by  means  of  reflection  from 
glass  mirrors  the  interference  of  light  waves.  The  mirrors  hav- 
ing been  placed  side  by  side  with  the  exciter  at  the  focus  of  one 
and  the  resonator  at  the  focus  of  the  other,  the  two  plates  of 
glass  covered  with  tin  foil  were  moved  parallel  to  each  other 
along  the  intersection  of  the  axes  of  the  parabolic  mirrors,  until 
the  proper  difference  of  path  of  the  waves  necessary  to  produce 
interference  was  obtained.  To  detect  resonance — a  thermo-element 
connected  with  a  suitable  galvanometer  was  used.  The  results 
showed  an  interference  phenomenon  ;  but  it  was  of  a  somewhat 
confused  nature. — Ann,  der  Physik  und  ChemiCy  No.  9,  1893,  pp. 
174-188.  J.  T. 

r 

II.    Geology  and  Mineralogy. 

1.  Iowa  Geological  Survey^  Vol.  I.  First  Annual  Report  for 
1892.  8vo,  472  pp.,  10  plates  and  26  figures.  Samuel  Calvin 
State  Geologist.  Des  Moines,  1893. — In  addition  to  brief  admin- 
istrative reports,  the  first  annual  report  of  the  Iowa  Survey  con- 
tains the  following  papers:  Geological  Formations  of  Iowa, 
Charles  RoUin  Keyes;  Annotated  Catalogue  of  Minerals,  and 
Bibliography  of  Iowa  Geology  by  same  author ;  Cretaceous  De- 
posits of  Woodbury  and  Plymouth  Counties,  Samuel  Calvin ; 
Ancient  Lava  Flows  in  the  Strata  of  Iowa,  Samuel  Beyer ;  Dis- 
tribution and  Relations  of  the  St.  Louis  Limestone  in  Mahaska. 
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County,  Harry  Foster  Baine;  Some  Niagara  Lime-Burning 
Dolomites  and  Dolomitio  Building  Stones  of  Iowa,  Gilbert  L. 
Houser. 

In  discussing  the  classification  of  the  geological  formations  of 
Iowa,  Mr.  Keyes  has  availed  himself  of  the  results  of  his  own 
studies  and  those  of  others  in  recent  years,  and  offers  a  classifica- 
tion that  is  a  marked  advance  on  those  preceding  it.  With 
respect  to  Iowa's  geological  puzzle,  the  Sioux  quartzite,  some 
additional  facts  are  noted  which  are  presented  in  greater  detail, 
however,  in  Mr.  Beyer's  paper.  These  relate  to  the  discovery  in 
a  deep  well  at  Hull,  Iowa,  of  typical  quartz-porphyry,  an  erup- 
tive rock,  in  layers  separated  by  beds  of  sand  and  pebbles  pre- 
sumably belonging  to  the  Sioux  quartzite.  Reference  is  also  made 
to  the  observations  of  Culver  and  Hobbs,  showing  the  presence 
of  intrusive  sheets  of  eruptive  rock  within  the  quartzite  in  south- 
eastern Dakota.  The  most  probable  explanation  of  the  presence 
of  the  eruptive  rock  advanced  by  Mr.  Beyer  is  that  the  sheets 
were  intrusive  lava  flows  from  a  post-carboniferous  volf^ano. 
Considering  the  metamorphosing  effect  of  eruptive  rock  it  is  to 
be  questioned  whether  these  rocks  are  as  old  as  usually  consid- 
ered and  Hayden's  conclusion  that  they  were  Cretaceous  is  in- 
vested with  new  interest.  We  note  the  absence  of  such  familiar 
names  as  Lower  Magnesian,  Potsdam,  ^nd  Hamilton.  The  first 
is  replaced  by  McGee's  Oneota,  the  second  by  WinchelPs  St. 
Croix,  while  tne  attempt  to  correlate  the  Iowa  Devonian  with  the 
New  York  section  is  wisely  abandoned,  and  instead  we  have  four 
sub-divisions,  named  from  the  place  of  their  best  development, 
the  Independence  Shales,  the  Cedar  Valley  Limestone,  the  Mont- 
pelier  Sandstone,  and  the  Lime  Creek  Shales.  In  defining  the 
St.  Louis  group,  on  page  72,  an  error  occurs  in  stating  that  the 
brecciated  limestone  is  the  basal  member.  Ten  to  twenty  feet  of 
magnesian  limestone  lie  below  this  along  the  Des  Moines  river. 
The  interesting  and  valuable  discussion  is  given  of  the  structure 
of  the  coal  measures. 

In  Prof.  Calvin's  paper  the  Cretaceous  deposits  are  shown  to 
belong  to  the  upper  division  and  have  a  three-fold  division  cor- 
responding to  Meek  and  Hayden's  Niobrara,  Ft.  Benton  and 
Dakota.  Much  taste  and  care  is  shown  in  the  make-up  of  the 
volume  and  the  illustrations  are  exceptionally  good.  Acknowl- 
edgment should  have  been  made  to  the  Missouri  Survey  for 
the  photograph  for  plate  IX,  as  it  was  obtained  by  the  writer 
while  a  member  of  that  survey.  c.  h.  g. 

2.  Note  upon  some  observations  on  the  auriferous  Gravel  of 
lacustral  origin  i?i  the  region  of  TaylorsvUle^  California;  by 
J.  S.  DiLLER  (from  a  letter  to  the  editors,  dated  Aug.  28). — 
Recent  observations  show  that  to  the  southward  the  limit  of  the 
exposed  area  of  lacustral  gravels  is  the  old  shore  line  which  has 
been  much  obscured  by  subsequent  erosion  ;  to  the  northward  the 
gravels  pass  beneath  the  newer  lavas  of  the  Lassen  Peak  region 
and  may  extend  far  in  that  direction.    Within,  the  area  is  chiefly  oc- 


Geology  and  Mineralogy.  899 

cnpied  by  smooth,  round  gravel.  Where  the  gravel  does  not  appear 
it  has  either  been  removed  by  erosion  or  is  covered  by  later  lavas 
or  else  was  not  originally  deposited,  as  in  the  case  of  the  islands. 
The  gravel  as  now  exposed,  ranges  in  thickness  from  a  few  feet  to 
over  400  feet.  The  pebbles  of  the  older  portion  are  of  the  aurifer- 
ous slate  series  including  old  eruptive  rocks,  but  the  upper  portion 
in  many  places  especially  along  the  beaches  about  the  islands  is 
composed  largely  of  andesites  and  other  later  eruptives.  Three 
islands  of  lava,  chiefly  volcanic  breccia,  have  been  noted  ;  these 
are  surrounded  by  beaches  which  in  some  cases  are  very  well 
marked  and  not  to  be  misunderstood.  It  is  possible  and  even 
probable  that  the  older  gravels  extend  beneath  the  volcanic 
islands  for  the  older  gravels  and  the  breccia  are  like  those  of  the 
gravel  channels  farther  south.  At  one  point  a  dike  is  found  in 
the  gravels  of  which  a  large  mass  has  been  cemented  so  as  to 
form  conglomerate.  In  the  Susan ville  region  the  gravels  run 
beneath  the  Lahontan  beds  so  they  are  of  greater  antiquity. 

Originally  the  range  in  altitude  of  the  gravels  could  not  have 
exceeded  a  few  hundred  feet,  but  now  they  range  from  4200  ft.  on 
Gold  Run  to  7400  on  the  crest  east  of  Diamond  Peak  a  difference 
of  3200  feet.  This  difference  as  I  have  previously  maintained 
(8th  Annual  Report)  is  due  to  displacement  along  the  eastern 
escarpment  of  the  Sierra  Nevada.  From  the  lower  part  of  Gold 
Run  near  Susanville  the  smooth  treeless  gravel  ridges  and  beaches 
on  the  crest  of  the  range  3200  feet  above,  near  Diamond  Peak ,  are 
conspicuous.  In  the  valley  of  Gold  Run  it  is  easy  to  distinguish 
between  the  gravel  of  that  stream  and  the  original  lacustral 
deposits  and  the  latter  can  be  traced  continuously  from  Diamond 
peak  or  mountain  to  near  Susanville.  The  fault  along  Honey  Lake 
runs  out  in  an  arch  along  Gold  Run,  and  the  Sierra  Nevada  ends 
to  be  succeeded  by  the  volcanic  cones  of  the  Lassen  Peak  region. 

I  have  already  referred  to  the  conglomerate  cut  by  eruptives. 
It  is  at  the  head  of  Cheney  Creek  where  the  "  conglomerate 
gravels "  are  bent  down  over  the  eastern  slope.  Gold  Run  fol- 
lows close  to  the  contact  between  the  conglomerate  and  underly- 
ing diorite  (or  granite) ;  the  principal  rock  of  that  portion  of  the 
Sierra  Nevada.  That  the  conglomerate  is  only  cemented  aurifer- 
ous gravel  is  shown  by  the  fact  that  it  grades  into  the  gravel 
away  from  the  particular  eruptive  which  penetrates  the  mass.  * 
The  pebbles  and  all  features  excepting  degree  of  lithifaction  are 
the  same.  The  plants  in  both  are  essentially  of  the  same  age  and 
in  some  cases  identical  species  as  determined  by  Ward  and  Les- 
quereux.  The  feature  to  which  I  wish  in  this  connection  to  call 
attention  is  that  where  the  fault  runs  into  the  arch  and  the  con- 
glomerate is  bent  over  the  eastern  slope  the  pebbles  are  in  many 
cases  fractured  and  faulted.  The  argument  \n  favor  of  displace- 
ment since  the  auriferous  gravel  period  appears  strong  and  con- 
clusive. 

3.  A  Subtropical  Miocene  fauna  in  Arctic  Siberia, — Dr.  W. 
H.  Dall,  of  the  Smithsonian  Institution,  has  given  an  interest- 
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ing  accoant  (Proc.  U.  S.  Nat.  Mas.,  vol.  xvi,  pp.  471-478)  of  a 
small  collection  of  Miocene  fossils  collected  in  1855  by  Dr.  Wil- 
liam Stimpson,  on  the  shore  of  Penjinsk  Bay,  in  the  northeastern 
angle  of  Okhotsk  Sea,  at  a  small  coaling  station  called  by  the 
whalers  Coal  Bay.  The  fossils  were  deposited  in  the  Smithsonian 
and  have  only  recently  been  described.  The  position  assigned  to 
Coal  Bay  on  the  map  of  the  Hancocl^s  expedition  is  latitude  60^ 
17'  north,  and  longitude  161°  55'  east,  of  Greenwich.  The  fauna 
described  was  a  littoral  fauna  and  presents  analogy  with  those  of 
the  China  and  South  Japan  seas,  and  also  indicates  a  bond  of 
relationship  with  the  west  coast  of  Africa. 

The  present  mean  annual  temperature  of  Okhotsk  is  23*1^,  and 
the  temperature  of  the  sea  water  does  not  rise  above  40°  F.  ex- 
cept in  the  harbor  during  the  warmest  part  of  the  summer,  and 
for  two-thirds  of  the  year  it  is  at  or  below  the  freezing  point. 
The  annual  mean  temperature  of  the  Gulf  of  Penjinsk  indicated 
by  the  fossils,  which  are  of  Miocene  age,  as  interpreted  by  F.  B. 
Meek  and  also  confirmed  by  Dr.  Dall,  "can  not  have  been  much 
less  than  60°  F.  and  was  probably  higher,  that  is  to  say  since  this 
fossil  fauna  flourished  in  these  waters,  the  annual  mean  tempera- 
ture has  diminished  by  30°  to  40°  F.,  at  the  mpst  moderate  cal- 
culation." Which  fact  the  author  concludes  would  be  quite  suf- 
ficient to  prove  that  no  polar  conditions  in  the  modern  sense  could 
have  existed  in  eastern  Siberia  during  the  old  Miocene  epoch  of 
geological  time.  h.  s.  w. 

4.  On  the  Glaciation  of  Asia, — In  a  paper  before  the  recent 
meeting  of  the  British  Association,  Prince  Kropotkin  summed 
up  his  knowledge  on  the  general  glaciation  of  Asia  as  follows : 
The  Lowlands  and  Steppes,  under  2000  feet  in  beight,  do  not  ap- 
pear to  have  been  glaciated ;  but  all  the  mountain  ridges  rising 
over  the  Steppes,  the  great  border  ridges  of  Tian  Shan  and  the 
Alpine  tracts  fringing  the  plateau,  were  covered  with  immense 
glaciers  which  descended  to  within  1000  feet  of  sea-level.  The 
Viteni  Plateau,  the  N.  W.  Mongolia  Plateau,  the  Pamirs,  and 
the  great  Khingim  were  extensively  glaciated.  The  southern 
portion  of  the  High  Plateau,  however,  yield  only  indirect  and  not 
conclusive  evidence  of  glaciation. — Nature^  Sept.  28, 1893. 

5.  Two  new  localities  for  Turquoise  ;  by  W.  E.  Hidden  (com- 
municated).— The  prehistoric  group  of  turquoise  mines  in  the 
Burro  Mts.,*  of  Grant  County,  New  Mexico,  which  were  first 
noticed  publicly  by  Mr.  Snow,t  were  visited  by  the  writer  in 
March  of  last  year  and  the  adjoining  territory  was  looked  into 
for  other  possible  occurrences  of  turquoise.  About  fifteen  miles 
southeast,  some  prospecting  has  been  done  for  turquoise  with  some 
success  ;  the  locality  is  known  as  the  Cow-Springs  District.  The 
matrix  there   is  trachyte  as  in  the  Burros.     In  the  same  county 

*Now  known  as  the  Azure  Mining  Co.  and  at  present  being  worked.  They 
have  produced  as  much  as  ten  kilos,  of  fine  turquoise  in  one  month ;  mostly  nodu- 
lar and  covered  with  a  very  peculiar  '*  skin  "  or  coating  of  silica  (?). 

f  This  Journal,  xli,  511,  1891. 
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and  sixty  miles  in  a  southerly  direction,  turquoise  has  been  found 
in  many  places,  notably  in  and  around  Hachita.  All  the  locali- 
ties are  prehistoric  workings  and  similar  in  the  method  of  occur- 
rence to  those  in  the  Burros.  The  nearest  railroad  station  is 
Separ,  22  miles  north.  All  the  surrounding  region  is  very  arid 
and  desolate.  The  writer  had  eight  weeks  work  done  there  last 
year  and  finally  abandoned  the  region  because  of  the  scarcity  of 
the  blue  shades  of  turquoise  and  the  natural  regional  disadvan- 
tages (i.  e.,  scarcity  of  water,  etc.). 

What  I  particularly  wish  to  announce  is  the  occurrence  of  tur- 
quoise, of  fine  color  and  quality,  in  a  most  unexpected  locality, 
i.  e.,  in  the  Jarilla  Mts.  of  Dona  Ana  Co.,  some  one  hundred  and 
fifty  miles  east  of  the  Burros  and  two  hundred  miles  south  of  the 
Los  Cerillos  region.  Here  again  the  discovery  was  due  to  the 
investigation  of  old-workings  and  the  turquoise  had  passed  as 
merely  "  copper-stain."  The  ancient  pottery  and  stone  imple- 
ments which  the  writer  caused  to  be  unearthed  there,  proved  the 
true  character  of  the  work  and  that  the  places  had  been  aban- 
doned for  several  hundred  years.  In  the  Jarillas,  more  than  at 
Hachita,  the  aridity  and  isolation  of  the  place  becomes  a  very 
serious  matter,  since  one  must  carry  everything  essential  when 
visiting  the  mines.  The  nearest  railroad  station  is  Las  Cruces, 
fifty  miles  west  and  El  Paso,  Tex.,  is  about  the  same  distance 
south  (in  an  air  line).  The  Jarillas  are  a  low  range  of  mountains 
about  ten  miles  long  and  three  miles  wide  (E.  and  W.)  and  rise  up 
out  of  a  wilderness  of  sand.  They  are  uninhabited,  except  by  a 
few  wild  animals,  have  no  forest  growths  and  no  known  springs 
of  water.  The  well-watered  and  well-timbered  "  Sacramentos  " 
are  only  36  miles  east,  and  it  is  but  a  day's  journey  from  the  deso- 
late Jarillas  to  the  habitable  lande  eastward  or  westward.  The 
vegetation  is  scarce  and  mainly  cacti  and  palmias.  In  spite  of 
the  isolation  and  the  absence  of  water,  a  permanent  mining  camp* 
has  been  established  there  and  turquoise  is  being  mined  regularly. 
There  are  at  least  ten  places  where  some  tribe  of  people  have 
worked  for  turquoise  in  past  times,  but  all  their  work  was  very 
shallow  and  stopped  whenever  hard  firm  rock  was  encountered. 
Here  the  turquoise  occurs  in  thin  seams,  cracks  and  crevices 
which  have  a  nearly  vertical  position. 

The  trachyte  is  filled  with  long  fissure-like  cavities  which  are 
lined  with  minute  crystals  of  quartz,  upon  which  are  implanted 
fine  crystals  of  pyrite.  Some  cracks  ot  the  rock  are  filled  with 
granular  jarosite  and  gypsum  coats  some  of  the  seams.  A  shaft 
seventy  feet  deep  has  been  sunk  on  a  contact  with  the  porphyry 
and  turquoise  has  been  found  all  the  way  down.  The  associated 
minerals  are  limonite  and  kaolin  at  surface  and  at  the  bottom 
bright  pyrite,  chalcopyrite  (rarely),  gypsum,  jarosite  and  kaolin. f 

*Now  known  as  the  "Shoo-ar-m^  Mine  of  the  Jarillas." 

f  In  one  instance  and  at  a  distance  of  only  50  ft.  from  where  turquoise  was 
being  mined,  a  vein  of  rich  copper  sulphide  was  found,  and  as  a  rare  association 
some  clear  colorless  crystals  of  wulfenite  were  observed  that  were  hemimorphic 
and  also  pyramidally  hemihedral. 
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No  apatite  coald  be  seen  in  the  trachyte  and  the  writer  suggests 
that  the  phosphoric  acid  may  have  been  derived  from  the  adja- 
cent limestone  which  is  fossiliferoos  and  which  may  have  capped 
this  trachyte  at  no  very  distant  day. 

As  the  turqnoise  is  found  in  its  natural  position,  it  gives  strong 
evidence  that  the  oxidation  of  the  pyrite  is  the  sole  cause  of  the 
decomposition  of  the  trachyte,  etc.,  the  cause  also  of  the  forma- 
tion of  the  limonite,  gypsum  and  jarosite  and  is  itself  a  product 
formed  subsequent  to  the  kaolin.  The  kaolin  is  in  one  sense  pri- 
mary and  the  turquoise  secondary^  as  its  form  and  situation  in  the 
vein,  crevice  or  pocket  always  proved.  That  all  the  turqnoise  was 
once  kaolin  was  very  evident.  That  the  turquoise  was  the  last 
mineral  formed  and  was  crystallized  or  grew  amid  the  kaolin  and 
was  a  gradual  and  direct  alteration  of  it  was  positively  shown  in 
many  ways.  The  majority  of  the  turquoise  masses  are  semi-globu- 
lar or  reniform  in  outline  though  compact  masses  are  found 
wholly  occupying  small  cavities  and  following  exteriorly  all  the 
configuration  of  the  ''  pockets."  At  one  time  I  uncovered  a  sur- 
face of  turquoise  nodules  nearly  three  feet  square — some  of  it 
three-fourths  of  an  inch  thick — and  the  edges  of  the  masses  and 
nodules  always  terminated  thickly  and  abruptly  in  the  kaolin 
with  a  rounded  minute  botryoidal  surface.  While  the  tendency 
is  towards  blue  in  the  Jarilla  turquoise — more  so  than  at  any  of 
the  other  places  herein  noted — there  also  occurs  (rarely)  in  the 
surface  veins,  some  very  green  varieties,  some  as  green  as  chryso- 
lyte  rock.  Any  tendency  towards  green  is  an  evidence  of  altera- 
tion. 

Abundant  as  the  turquoise  is  near  the  surface,  it  too,  undergoes 
decomposition  and  sooner  or  later  becomes  white,  soft  and  pulver- 
ulent.  At  depths  below  twenty-five  feet  the  turquoise  when  first 
found  is  of  a  magnificent,  almost  ethereal,  tint  of  blue,  but  this 
rapidly  fades  after  it  is  detached  from  its  matrix  and  becomes 
dry.  I  have  seen  it  as  deep  blue  as  indigo  and  then  fade  gradu- 
ally to  a  "  robin's  egg  "  shade.  If  after  drying,  turquoise  adherei 
to  the  tongue  it  can  be  classed  at  once  as  of  low  grade  and  pos- 
sessing little  value.  Where  the  rock  is  purest  there  the  turquoise 
is  found  of  best  color,  normal  hardness  and  greatest  durability. 
As  the  other  "  old  workings  "  in  the  Jarillas  become  developed,  it  is 
thought  that  they  will  disclose  turquoise  as  hard,  as  beautiful  and 
as  large,  as  the  world  has  as  yet  seen.  I  state  this  advisedly  from 
the  fact  that  some  fifty  kilos  of  marketable  turquoise  was  shipped 
from  this  locality  in  the  first  six  months  working  and  only  one  of 
the  prehistoric  mines  was  developed. 

The  Mexicans  believe  that  both  the  "  old  Pueblos  "  and  Astecs 
worked  these  mines  and  it  is  true  to-day  that  the  Pueblos  value 
turquoise — which  they  term  "  shooar-m6  " — even  more  than  the 
Navajoes.  The  Apaches  call  it  "steh"  and  care  little  for  it.  The 
Mexican  name  for  it  is  "  char-chu-a-tey,"  which  calls  to  mind  the 
Aztec  "  chal-chi-hui-tl,"  of  many  authors. 
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III.  Miscellaneous  Scientific  Intelligence. 

1.  The  North  Polar  Basin, — In  an  address  delivered  before 
the  Geographical  Section  of  the  British  Association,  Mr.  Henry 
Seebohm  gives  an  interesting  account  of  the  sudden  coming  of 
fiummer  in  high  latitudes  from  which  the  following  paragraphs 
are  quoted : 

"The  sudden  arrival  of  summer  on  the  Arctic  Circle  appears  to 
ooour  nearly  at  the  same  date  in  all  the  great  river  basins,  bat 
the  number  of  recorded  observations  is  so  small  that  the  slight 
variation  may  possibly  be  seasonal  and  not  local.  The  ice  on  the 
Mackenzie  River  is  stated  by  one  authority  to  have  broken  up  on 
May  18th  in  latitude  62**,  and  by  another  on  May  9th  in  latitude 
17*'.  If  the  Mackenzie  breaks  up  as  fast  as  the  Yenisei — that  is 
to  say,  at  the  rate  of  a  degree  a  day — an  assumption  which  is 
supported  by  what  little  evidence  can  be  found — then  the  dif- 
ference between  these  two  seasons  would  be  nine  days.  My  own 
experience  has  been  that  the  ice  of  the  Pechora  breaks  up  ten 
days  before  that  of  the  Yenisei,  but  as  I  have  only  witnessed  one 
Bach  event  in  each  valley  too  much  importance  must  not  be  at- 
tached to  the  dates.  According  to  the  Challenger  tables  of  iso- 
thermal lines,  the  mean  temperatures  of  January  and  July  on 
the  Arctic  Circle  in  the  valleys  of  the  Mackenzie  and  the  Yenisei 
scarcely  differ,  the  summer  temperature  in  each  case  being  about 
66*  F.,  and  that  of  winter  —  25«  F.,  a  difference  of  80°  F. 

On  the  American  side  of  the  Polar  Basin  summer  comes  almost 
as  suddenly  as  it  does  on  the  Asiatic  side,  but  the  change  appears 
to  be  less  of  the  nature  of  a  catastrophe.  The  geographical 
causes  which  produce  this  result  are  the  smaller  area  of  the  river 
basins  and  the  less  amount  of  rainfall.  There  is  only  one  large 
river  which  empties  itself  into  the  Arctic  Ocean  on  the  American 
side,  the  Mackenzie,  with  which  may  be  associated  the  Saskatche- 
wan, which  discharges  into  Hudson  Bay  far  away  to  the  south. 
The  basin  of  the  Mackenzie  is  estimated  at  590,000  square  miles, 
whilst  that  of  the  Yenisei  is  supposed  to  be  exactly  twice  that 
area.  The  comparative  dimensions  of  the  two  summer  floods  are 
still  more  diminished  by  the  difference  in  the  quantity  of  snow.  .  .  . 

The  arrival  of  summer  in  the  Arctic  regions  happens  so  late 
that  the  inexperienced  traveler  may  be  excused  for  sometimes 
doubting  whether  it  really  is  going  to  come  at  all.  When  con- 
tinuous night  has  become  continuous  day  without  any  perceptible 
approach  to  spring  an  alpine  traveler  naturally  asks  whether  he 
has  not  reached  the  limit  of  perpetual  snow.  It  is  true  that  here 
and  there  a  few  bare  patches  are  to  be  found  on  the  steepest 
slopes,  where  most  of  the  snow  has  been  blown  away  by  the 
wind,  especially  if  these  slopes  face  the  south,  where  even  an 
Arctic  sun  has  more  potency  than  it  has  elsewhere.  It  is  also 
true  that  small  flocks  of  little  birds — at  flrst  snow-buntings  and 
mealy  redpoles,  and  later  shore  larks  and  Lapland  buntings — may 
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be  observed  to  flit  from  one  of  these  bare  places  to  another  look- 
ing for  seeds  or  some  other  kind  of  food,  but  after  all  evidently 
finding  most  of  it  in  the  droppings  of  the  peasants'  horses  on  the 
hard  snow-covered  roads.  The  appearance  of  these  little  birds 
does  not,  however,  give  the  same  confidence  in  the  eventual  com- 
ing of  summer  to  the  Arctic  naturalist  as  the  arrival  of  the  swal- 
low or  the  cuckoo  does  to  his  brethren  in  sub-Arctic  and  sub- 
tropic  climates.  The  four  little  birds  just  mentioned  are  only 
gipsy  migrants  that  are  perpetually  flitting  to  and  fro  on  the  con- 
fines of  the  frost,  continually  being  driven  south  by  snowstorms, 
but  ever  ready  to  take  advantage  of  the  slightest  thaw  to  press 
northwards  again  to  their  favorite  Arctic  home.  They  are  all 
circumpolar  in  their  distributions,  are  as  common  in  Siberia  as  in 
Lapland,  and  range  across  Canada  to  Alaska  as  well  as  to  Green- 
land. In  sub-Arctic  climates  we  only  see  them  in  winter,  so  that 
their  appearance  does  not  in  the  least  degree  suggest  the  arrival 
of  summer  to  the  traveler  from  the  South. 

The  gradual  rise  in  the  level  of  the  river  inspires  no  more  con- 
fidence in  the  final  melting  away  of  the  snow  and  the  disruption 
of  the  ice  which  supports  it.  In  Siberia  the  rivers  are  so  enorm- 
ous that  a  rise  of  5  or  6  feet  is  scarcely  perceptible.  The  Yenisei 
is  three  miles  wide  at  the  Arctic  circle,  and  as  fast  as  it  rises  the 
open  water  at  the  margin  freezes  up  again  and  is  soon  covered 
with  the  drifting  snow.  During  the  summer  which  I  spent  in  the 
valley  of  the  Yenisei  we  had  six  feet  of  snow  on  the  ground  until 
the  first  of  June.  To  all  intents  and  purposes  it  was  mid-winter, 
illuminated  for  the  nonce  with  what  amounted  to  continuous  day- 
light. The  light  was  a  little  duller  at  midnight,  but  not  so  much 
so  as  during  the  occasional  snowstorms  that  swept  through  the 
forest  and  drifted  up  the  broad  river  bed.  During  the  month  of 
May  there  were  a  few  signs  of  the  possibility  of  some  mitigation 
of  the  rigors  of  winter.  Now  and  then  there  was  a  little  rain, 
but  it  was  always  followed  by  frost.  If  it  thawed  one  day  it 
froze  the  next,  and  little  or  no  impression  was  made  on  the  snow. 
The  most  tangible  sign  of  coming  summer  was  an  increase  in  the 
number  of  birds,  but  they  were  nearly  all  forest  birds,  which 
could  enjoy  the  sunshine  in  the  pines  and  birches,  and  which  were 
by  no  means  dependent  on  the  melting  away  of  the  snow  for  their 
supply  of  food.  Between  May  16  and  30  we  had  more  definite 
evidence  of  our  being  within  bird  flight  of  bare  grass  or  open 
water.  Migratory  flocks  of  wild  geese  passed  over  our  winter 
quarters,  but  if  they  were  flying  north  one  day  they  were  flying 
south  the  next,  proving  beyond  all  doubt  that  their  migration 
was  premature.  The  geese  evidently  agreed  with  us  that  it 
ought  to  be  summer,  but  it  was  as  clear  to  the  geese  as  to  us  that 
it  really  was  winter. 

We  afterwards  learnt  that  during  the  last  ten  days  of  May  a 
tremendous  battle  had  been  raging  600  miles  as  the  crow  flies  to 
the  southward  of  our  position  on  the  Arctic  Circle.  Summer  in 
league  with  the  sun  had  been  fighting  winter  and  the  north  wind 
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all  along  the  line,  and  had  been  as  hopelessly  beaten  everywhere 
as  we  were  witnesses  that  it  had  been  in  our  part  of  the  river. 
At  length,  when  the  final  victory  of  summer  looked  the  most 
hopeless,  a  change  was  made  in  the  command  of  the  forces. 
Summer  entered  into  an  alliance  with  the  south  wind.  The  sun 
retired  in  dudgeon  to  his  tent  behind  the  clouds,  mists  obscured 
the  landscape,  a  soft  south  wind  played  gently  on  the  snow, 
which  melted  under  its  all-powerful  influence  like  butter  upon 
hot  toast,  the  tide  of  battle  was  suddenly  turned,  the  armies  of 
winter  soon  vanished  into  thin  water  and  beat  a  hasty  retreat 
towards  the  pole.  The  effect  on  the  great  river  was  magical. 
Its  thick  armour  of  ice  cracked  with  a  loud  noise  like  the  rattling 
of  thunder,  every  twenty-four  hours  it  was  lifted  up  a  fathom 
above  its  former  level,  broken  up,  first  into  ice  fioes  and  then  into 
pack  ice,  and  marched  down  stream  at  least  a  hundred  miles. 
Even  at  this  great  speed  it  was  more  than  a  fortnight  before  the 
last  straggling  ice-blocks  passed  our  post  of  observation  on  the 
Arctic  Circle,  but  during  that  time  the  river  had  risen  70  feet 
above  its  winter  level,  although  it  was  three  miles  wide,  and  we 
were  in  the  middle  of  a  blazing  hot  summer,  picking  flowei's  of 
a  hundred  different  kinds,  and  feasting  upon  wild  ducks'  eggs  of 
various  species.  Birds  abounded  to  an  incredible  extent.  Be- 
tween May  29  and  June  18  I  identified  sixty-four  species  which  I 
had  not  seen  before  the  break  up  of  the  ice.  Some  of  them 
stopped  to  breed  and  already  had  eggs,  but  many  of  them  fol- 
lowed the  retreating  ice  to  the  tundra,  and  we  saw  them  no  more 
until,  many  weeks  afterwards,  we  had  sailed  down  tiie  river  be- 
yond the  limit  of  forest  growth. 

The  victory  of  the  south  .wind  was  absolute,  but  not  entirely 
uninterrupted.  Occasionally  the  winter  made  a  desperate  stand 
against  the  sudden  onrush  of  summer.  The  north  wind  rallied 
its  beaten  forces  for  days  together,  the  clouds  and  the  rain  were 
driven  back,  and  the  half-melted  snow  frozen  on  the  surface. 
But  it  was  too  late;  there  were  many  large  patches  of  dark 
ground  which  rapidly  absorbed  the  sun's  heat ;  the  snow  melted 
under  the  frozen  crust,  and  its  final  collapse  was  as  rapid  as  it 
was  complete. 

In  the  basin  of  the  Yenisei  the  avei'age  thickness  of  the  snow 
at  the  end  of  winter  is  about  ^we  feet.  The  sudden  transforma- 
tion of  this  immense  continent  of  snow,  which  lies  as  gently  on 
the  earth  as  an  eider-down  quilt  upon  a  bed,  into  an  ocean  of 
water  rushing  madly  down  to  the  sea,  tearing  everything  up  that 
oomes  into  its  way,  is  a  gigantic  display  of  power  compared  with 
which  an  earthquake  sinks  into  insignificance.  It  is  diflScult  to 
imagine  the  chaos  of  water  which  must  have  deluged  the  country 
before  the  river  beds  were  worn  wide  enough  and  deep  enough  to 
<5arry  the  water  away  as  quickly  as  is  the  case  now 

The  alternate  marching  of  this  immense  quantity  of  ice  up  and 
down  the  Kureika  was  a  most  curious  phenomenon.  To  see  a 
strong  current  up  stream  for   many  hours  is  so  contrary  to  all 
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previous  experience  of  the  behavior  of  rivers  that  one  cannot 
help  feeling  continuous  astonishment  at  the  novel  sight.  The 
monotony  which  might  otherwise  have  intervened  in  a  ten-days' 
march-past  of  ice  was  continually  broken  by  complete  changes  in 
the  scene.  Sometimes  the  current  was  up-stream,  sometimes  it 
was  down,  and  occasionally  there  was  no  current  at  all.  Fre- 
quently the  pack  ice  and  ice  floes  were  so  closely  jammed  together 
that  there  was  no  apparent  difficulty  in  scrambling  across  them, 
and  occasionally  the  nver  was  free  from  ice  for  a  short  time.  At 
other  times  the  river  was  thinly  sprinkled  over  with  ice  blocks 
and  little  icebergs,  which  occasionally  "calved  "as  they  traveled 
on,  with  much  commotion  and  splashing.  The  phenomenon 
technically  called  '' calving"  is  curious,  and  sometimes  quite 
startling.  It  takes  place  when  a  number  of  scattered  ice  blocks 
are  quietly  floating  down  stream.  All  at  once  a  loud  splash  is 
heard  as  a  huge  lump  of  ice  rises  out  of  the  water,  evidently 
from  a  considerable  depth,  like  a  young  whale  coming  up  to 
breathe,  noisily  beats  back  the  waves  that  the  sudden  upheaval 
has  caused,  and  rocks  to  and  fro  for  some  time  before  it  finally 
settles  down  to  its  floating  level.  There  can  be  little  doubt  that 
what  looks  like  a  comparatively  small  ice  block  floating  inno- 
cently along  is  really  the  top  of  a  formidable  iceberg,  the  greater 
part  of  which  is  a  submerged  mass  of  layers  of  ice  piled  one  on 
the  top  of  the  other,  and  in  many  places  very  imperfectly  frozen 
together.  By  some  accident,  perhaps  by  grounding  on  a  hidden 
sandbank,  perhaps  by  the  water  getting  between  the  layers  and 
thawing  the  few  places  where  they  are  frozen  together,  the  bot- 
tom layer  becomes  detached,  escapes  to  the  surface,  and  loudly 
asserts  its  commencement  of  an  independent  existence  with  the 
commotion  in  the  water  which  generally  proclaims  the  fact  that 
an  iceberg  has  calved. 

Finally  comes  the  last  march-past  of  the  beaten  forces  of  win- 
ter, the  ragtag  and  bobtail  of  the  great  Arctic  army  that  comes 
straggling  down  the  river  when  the  campaign  is  all  over— worn 
and  weather-beaten  little  icebergs,  dirty  ice  floes  that  look  like 
floating  sandbanks,  and  straggling  pack  ice  in  the  last  stages  of 
consumption  that  looks  strangely  out  of  place  under  a  burning 
sun  between  banks  gay  with  the  gayest  flowers,  amidst  the  buzz 
of  mosquitoes,  the  music  of  song  birds,  and  the  harsh  cries  of 
gulls,  divers,  ducks,  and  sandpipers  of  various  species."  — 
Geograph,  Journal^  Oct.,  1893. 

2.  An  Elementary  Treatise  on  Analytical  Geometry;  by 
W.  J.  Johnson,  M.A.  pp.  425,  8vo,  1893  (Macmillan  and  Co., 
London  and  New  York.) — This  volume  is  stated  to  be  based  upon, 
and  designed  as  an  introduction  to,  Salmon's  well  know  mathemati- 
cal series.  For  this  purpose  we  are  inclined  to  regard  Salmon's 
conic  sections  as  preferable ;  but  the  book  will  be  acceptable  to 
such  as  desire  a  limited  course,  selected  paragraphs  being  marked 
out  for  their  use  accompanied  by  copious  exercises. 
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Art.  LIV. — Description  qf  Miocene  Mammalia  ;    by 
O.  C.  Marsh.     (With  Plates  VII-X.) 

The  object  of  the  present  article  is  to  figure  and  to  describe 
more  fully  a  number  of  interesting  remains  of  mammals 
which  have  already  been  named  and  briefly  noticed  by  the 
writer.  These  specimens  are  mainly  from  the  Rocky  Mountain 
region,  but  a  few  were  found  on  the  Atlantic  coast,  in  New 
Jersey,  and,  owing  in  part  to  this  fact,  it  becomes  possible  for 
the  first  time  to  establish  approximately  in  the  Miocene  a  horizon 
common  to  the  two  regions. 

Protoceras  celer^  Marsh.* 

The  type  specimen  of  this  genus  and  species  is  represented, 
one-half  natural  size,  in  the  two  figures  on  the  accompanying 
plate,  number  VII.  Figure  1  represents  the  skull  seen  from 
above,  and  showing  on  the  parietal  bones  {p)  the  diminutive 
horn-cores  {h)  that  suggested  the  generic  name.  The  suture 
{s)  between  the  parietals  and  frontals  (f)  is  very  distinct  in 
the  specimen,  and  is  clearly  shown  in  the  figure.  The  median 
elevation  on  the  posterior  part  of  the  frontals  is  also  well 
marked.  The  depression  {a)  in  the  maxillary  is  likevrise  a 
noticeable  feature  in  this  view  of  the  skull. 

In  figure  2  of  Plate  VII,  the  same  skull  is  represented  as 
seen  from  below.  This  view  shows  the  dentition  to  be  rumi- 
nant in  type,  with  the  premolars  all  unlike  the  molars.  The 
posterior  nares  (n)  are  noteworthy  for  their  forward  position. 

The  most  interesting  points  in  this  type  specimen  were  given 
by  the  writer  in  the  original  description  above  cited.  The 
new  genus  Protoceras  was  shown  to  represent  a  distinct  family, 
which  was  named  the  Protoceratidce.  Some  characters  seen 
in  the  type  specimen  suggested  affinities  with  the  Giraffes,  and 
this  fact  was  stated  in  the  description. 

In  the  following  year,  1892,  Dr.  J.  L.  Wortman  discovered 
several  specimens  of  Protoceras  in  the  same  region  where  the 
type  was  found,  and  later  Prof.  II.  F.  Osborn  and  Dr. 
Wortman  published  an  important  paper  on  the  genus,  with 
figures,  based  upon  this  material.f  These  specimens  proved 
that  the  type  was  the  skull  of  a  female,  and  that  the  male 
skull  had,  in  addition  to  protuberances  on  the  parietals,  a  pair 

*Thi8  Journal,  vol.  xli,  p.  81,  January,  1891. 
f  Bull.  Amer.  Mua.,  vol.  iv,  p.  351,  18!)2. 
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of  elevations  on  the  f rontals,  and  a  third  pair  on  the  maxilla- 
ries.  With  these  were  elongated  canine  tusks.  The  structure 
of  the  feet,  also,  was  determined. 

The  horizon  was  subsequently  stated  to  be  a  distinct  one, 
just  above  the  Oreodon  beds,  and  was  named  by  Wortman  the 
"Protoceras  beds." 

In  the  Palaeontology  of  von  Zittel  (vol.  iv,  pp.  405-407), 
figures  of  the  type  specimen  of  Protoceras  are  given,  reduced 
from  the  original  drawings  represented  on  Plate  YII  of  the 
present  article ;  also  figures  of  the  male  skull  and  the  feet, 
taken  from  Osborn  and  Wortman's  paper. 

Elotherium  crassum^  Marsh.* 

The  type  specimen  of  the  present  species  was  discovered  by 
the  writer  in  August,  1870,  in  the  lower  Miocene  of  Colorado, 
but  was  not  described  until  1873.  It  was  found  associated 
with  a  skeleton  of  £ro7itotherium,  and  thus  its  horizon  was 
definitely  determined.  A  second  specimen  was  secured  in  the 
immediate  vicinity,  and  in  the  same  stratum.  Researches  in 
the  same  region  during  several  succeeding  years  brought  to 
light  a  number  of  other  specimens,  including  several  skulls 
and  portions  of  the  skeleton  of  this  and  other  allied  species. 

Explorations  be^un  by  the  writer  in  1874,  in  Nebraska  and 
Dakota,  resulted  m  finding  several  additional  specimens,  and 
others  have  since  been  obtained  in  the  same  region  during  the 
explorations  made  for  the  U.  S.  Geological  Survey.  Still  other 
very  perfect  specimens  have  been  secured  by  the  Yale  Museum, 
so  that  now  ample  material  is  available  for  investigating  both 
the  present  species  and  its  near  allies. 

On  Plate  VIII  of  this  article  is  represented,  one-eighth 
natural  size,  a  skull  of  JElotherium  crassumy  which  is  one  of 
the  most  perfect  ever  discovered.  The  lower  jaws  are  in 
place,  and  the  nearly  complete  dentition  is  present  and  in  fine 
condition.  Figure  1  shows  this  skull  as  seen  from  the  left 
side,  with  the  jaws  shut  closely  together,  as  found.  One  of 
the  most  noticeable  features  is  the  long  dependent  process  (m) 
on  the  malar  bone,  which  in  this  species  extends  downward  to 
the  inferior  margin  of  the  lower  jaw,  in  front  of  the  angle. 
This  is  the  case  when  these  processes  are  somewhat  expanded 
transversely,  as  shown  in  figures  2  and  3,  which  represent  the 
skull  as  it  lay  in  the  matrix.  Another  peculiar  feature  shown 
in  figure  1  is  the  series  of  processes  on  the  lower  jaw,  the  first 
{a)  being  the  dependent,  everted  angle  of  the  ramus ;  the  sec- 
ond (J)  a  protuberance  under  the  third  lower  premolar;  and 
the  third  (c)  a  process  below  the  base  of  the  canine.  These 
processes  are  well  shown,  also,  in  figure  3. 

*Thi8  Journal,  vol.  v,  p.  487,  June,  ]873. 
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Seen  from  above,  in  figure  2,  the  most  noteworthy  features 
are  the  small  space  occupied  by  the  brain  in  the  parietal  region 
( »),  the  widely  expanded  malar  processes  (rti\  and  the  narrow, 
elongated  facial  portion.  In  this  figure,  the  lower  jaw  is  not 
represented.  In  figure  3,  which  shows  the  skull  and  lower 
jaws  in  position  and  seen  from  in  front,  many  interesting 
points  are  shown.  Copies  of  the  original  drawings  of  figures 
1  and  2  will  be  found  in  von  Zittel's  Palaeontology,  Vol!  IV, 
p.  337. 

The  feet  of  Elotherium  have  hitherto  been  known  only 
imperfectly  from  fragmentary  portions,  but  the  extensive 
material  already  referred  to  has  enabled  the  writer  to  make  out 
their  entire  structure  in  the  present  species.  In  figures  4  and  5 
of  Plate  VIII,  the  manus  and  pes  are  represented,  one-sixth 
natural  size.  It  will  be  seen  that  in  each  foot  there  are  only 
two  functional  digits,  corresponding  to  the  third  and  fourth  in 
man.  The  first  digit  is  entirely  wanting,  and  only  remnants 
remain  of  the  second  and  fifth. 

Elotherium  clavum,  sp.  nov. 

On  Plate  IX,  figure  1,  is  shown  a  skull  of  ItHotheriu^n^  with 
the  brain  cast  in  position,  which  agrees  in  many  respects  with 
the  skull  figured  on  the  preceding  plate,  ana  described  above. 
When  first  figured,  the  former  skull  was  referred  to  E,  crassum 
(Dinocerata,  p.  65,  1884),  but  a  more  careful  comparison 
proves  it  to  be  distinct.  It  is  considerably  smaller  than  E, 
crassum^  and  the  malar  process  is  quite  slender  and  tapering 
below.  It  extends  directly  downward,  and  hence  is  not  seen 
in  the  top  view  of  the  skull.  The  length  of  this  skull  is  six- 
teen inches,  measured  from  the  front  of  the  premaxillaries  to 
the  back  of  the  occipital  condyles.  The  dentition  agrees,  in 
the  main,  with  that  of  E,  crassum^  the  last  lower  molar  in 
each  having  four  cones  only,  and  no  heel.  The  malar  arch 
and  the  dependent  angle  of  the  lower  jaw  will  distinguish  it 
from  E,  Mortoiii.  The  type  specimen  here  figured  is  from  the 
Oreodon  beds,  near  the  White  river,  in  southern  Dakota. 

Auimoiloi  Leidyanitm^  gen.  nov. 

The  teeth  represented  on  Plate  IX,  figures  2  and  3,  indi- 
cate a  very  large  animal  belonging  to  the  same  group  as  those 
last  described,  but  differing  in  several  respects.  The  first 
tooth,  shown  in  figure  2,  is  the  type  specimen  of  Elotherium 
Leidyanum^  already  described  by  the  writer.^  It  is  the  fourth 
premolar  of  the  right  lower  jaw,  and  was  found  in  1867,  in  a 
Miocene  deposit  in  Monmouth  county,  N.  J. 

*  Proc.  Phila.  Acad.,  vol.  xxii,  p.  3;  and  Geology  of  New  Jersey,  p.  740,  1868. 
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The  tooth  represented  in  figure  8  is  the  last  right  molar, 
and  was  found  at  the  same  locality  under  circumstances  which 
render  it  probable  that  it  may  have  pertained  'to  the  same 
animal.  The  premolar  agrees  closely  in  form  with  the  cor- 
responding tooth  in  Elotherium^  but  the  last  lower  molar, 
shown  in  figure  3,  has,  in  addition  to  the  four  cones  character- 
istic of  Elotherium^  a  distinct. fifth  posterior  cone,  or  heel,  not 
present  in  typical  specimens  of  that  genus.  The  two  genera 
represent  a  distinct  family,  which  may  be  called  the  Eloiheridc^. 

Ammodon  {Elotherium)  hathrodon,* 

The  type  of  the  present  species  is  the  tooth  shown  on 
Plate  IX,  figure  4.  it  is  the  last  lower  molar  of  the  right 
side,  and,  in  its  main  features,  agrees  with  the  corresponding 
tooth  last  described.  It  indicates  an  animal  somewhat  smaller, 
but  far  exceeding  in  size  most  members  of  the  group.  Since 
this  type  specimen  was  described,  two  or  three  skulls  of  the 
same  species  have  been  secured  by  the  writer,  all  found  in  the 
Miocene  of  Dakota,  in  the  same  general  region  where  the  type 
was  discovered.  These  skulls  agree  in  their  general  features 
with  that  of  Elotherium  figured  on  Plate  VIII,  but  the  brain- 
case  is  proportionately  larger,  and  the  processes  on  the  lower 
jaw  are  still  more  developed.  The  dependent  angle  of  the 
lower  jaw  slopes  backward,  and  not  forward  as  in  Elotherium 
crassum.  The  lower  molar  teeth,  also,  all  have  a  posterior 
lobe  more  or  less  developed,  and  the  last  lower  molar  has  a 
distinct  heel.  In  one  of  these  skulls,  the  space  occupied  by 
the  upper  premolar  and  molar  teeth  is  twelve  inches,  and  the 
space  across  the  palate  between  the  true  molars  is  two  and 
one-half  inches. 

Ammodon  potens,  sp.  no  v. 

The  present  species  is  somewhat  smaller  than  the  one  last 
described,  and  differs  in  having  a  proportionately  more  elongate 
skull  and  less  robust  teeth,  especially  in  the  molar  series.  All 
the  lower  true  molars  have  a  distinct  posterior  cone,  and  this  is 
nearly  as  well  developed  on  the  first  and  second  molars  as  on 
the  last.  The  processes  on  the  lower  jaw  are  more  elongate 
than  in  any  other  species  of  the  group.  The  dependent 
process  on  the  malar  is  also  especially  elongate.  The  space 
occupied  by  the  lower  premolar  and  molar  series  is  twelve 
inches,  and  by  the  premolars  alone  seven  and  one-half  inches. 
The  depth  of  the  lower  jaw  from  the  base  of  the  canine  to 
the  end  of  the  process  below  is  seven  and  one-half  inches,  and 
the  distance  from  the  top  of  the  fourth  premolar  to  the  end 
of  the  middle  process  below  is  seven  inches. 

The  type  specimen  of  the  present  species  is  from  the  Miocene 
of  Colorado. 

*  This  JournaY,  \oV.  vil,  )j.  534,  May,  1874. 


0,  C.  Marsh — Description  of  Miocene  Mammalia.     411 

Perchoerus  (Dicoti/les)  antiquus* 

On  Plate  X,  figure  1,  is  shown  a  last  upper  molar  tooth, 
which  may  be  provisionally  referred  to  the  genus  Perchmrus 
of  Leidy.  It  is  from  the  Miocene  of  Monmouth  county,  N.  J., 
from  the  same  locality  where  was  found  the  lower  molar  tooth 
described  by  the  writer  as  Dicotyles  antiquuSy  and  the  two 
may  be  referred  to  the  same  species.  The  tooth  is  especially 
noteworthy  in  itself  from  the  complicated  structure  of  its 
crown,  which  approaches  that  seen  in  the  existing  suillines. 
The  lower  molar  tooth,  the  type  of  the  species,  has  a  crown  of 
simpler  structure,  and  may  be  distinct. 

Colodon  litxatus,  Marsh. f 

The  type  specimen  of  the  present  genus  and  species  is  rep- 
resented in  part  on  Plate  X,  figures  2  and  3,  which  show  the 
entire  dentition  of  the  lower  jaw.  In  the  original  description 
cited  above,  it  was  shown  that  the  present  genus  is  probably 
nearly  allied  to  Zophiodoji,  but  could  be  readily  distinguished 
from  it  by  two  inner  cones  on  the  upper  premolars,  and  by  the 
absence  of  canines  in  the  lower  jaw.  The  same  characters  and 
the  presence  of  a  posterior  lobe  on  the  last  lower  molar  will 
separate  it  from  Iiyrachyus.  The  type  specimen  is  from  the 
Miocene  of  South  Dakota. 

Rhinoceros  matutinus,  Marsh.J 

The  lower  molar  tooth  represented  on  Plate  X,  figure  4,  is 
from  the  Miocene  of  Monmouth  county,  N.  J.,  and  was  found 
in  the  same  horizon  and  locality  as  the  other  specimens  from 
New  Jersey  described  above.  Its  main  interest  lies  in  this 
fact,  the  significance  of  which  will  be  discussed  later.  The 
tooth  is  the  last  lower  molar  of  the  right  side,  and  while  the 
species  appears  to  be  distinct,  the  tooth  agrees  in  its  general 
structure  with  the  corresponding  molars  oi  allied  forms  from 
the  Kocky  Mountains. 

All  the  type  specimens  above  described  are  preserved  in  the 
Yale  Museum.  These  remains  have  a  special  interest  when 
considered  in  connection  with  the  localities  in  which  they  were 
•  found.  Those  from  the  West  are  from  three  definite  horizons 
in  the  Miocene,  lying  one  above  the  other  on  the  eastern  flank 
of  the  Kocky  Mountains.  Those  from  the  Atlantic  coast  are 
all  from  a  single  horizon  in  the  same   formation,  and   this 

*Proc.  Phila.  Acad.,  vol.  xxii,  p.  11,  1870. 
f  This  Journal,  vol.  xxxix,  p.  524,  June,  1890. 
JProc.  Phila.  Acad.,  vol.  xxii,  p.  3,  1870. 
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horizon,  too,  may  now  be  sharply  defined.  The  deposits 
containing  the  remains  from  New  Jersey  here  described,  and 
other  vertebrate  fossils  obtained  by  the  writer  at  the  same  or 
adjoining  localities,  form  a  well-defined  stratum  resting  uncon- 
formably  upon  the  Eocene  greensand  marls  of  Monmouth 
county,  N.  J.  These  Miocene  deposits  may  be  called  the 
Ammodon  beds,  from  the  largest  land  animal  hitherto  found  in 
them.  So  far  as  at  present  can  be  determined,  this  horizon 
corresponds  most  nearly  to  that  in  the  Rocky  Mountain  region 
in  which  Ammodon  hathrodon  has  been  found.  This  subject 
will  be  discussed  by  the  writer  in  a  later  communication. 

Yale  University,  New  Haven,  Conn.,  October  24,  1893. 


Explanation  of  Plates. 

Plate  VI  F. 

Figure  I. — Skull  of  Protoceras  ce/er,  Marsh ;  seen  from  above. 

Figure  2. — The  same  skull ;  seen  from  below.    Both  figures  one-half  natural  size. 

a,  depression  in  maxillary ;  /,  frontal ;  h,  horn-core ;  rw,  first  molar ; 

n,  posterior  na-res;   o,  orbit;   p,  parietal;  pm^  second  premolar;   5, 

suture  between  frontal  and  parietal. 

Plate  VIII. 

Figure  1. — Skull  of  Ekttherium  crassum.  Marsh  ;  side  view. 

Figure  2. — The  same  skull;  seen  from  above. 

Figure  3. — The  same  skull ;  front  view.    These  figures  are  one-eighth  natural  size. 

a,  angle  of  lower  jaw ;  6,  protuberance  on  margin  of   lower   jaw : 

c,  process  below  canine ;  /,  frontal ;  w,  malar  process ;  wx,  maxillary ; 

w,  nasal ;  p^  parietal ;  pm,  premaxillary ;  5,  squamosal. 
Figure  4. — Left  fore  foot  of  Elotherium  crassum ;  front  view. 
Figure  5. — Left  hind  foot  of  same  species ;  front  view.     Both  figtires  arc  one- 
sixth  natural  size. 

a,  astragalus ;  c,  calcaueum ;  R,  radius ;  U,  ulna ;    II- V,  digits  and 

remnants  of  digits. 

Plate  IX. 

Figure  1. — Skull  of    Elotherium  clavum^   Marsh,   with  brain-cast;     top   view. 

About  one-fifth  natural  size. 
Figure  2. — Fourth  lower  premolar  of  Ammodon  Leidyanum^  Marsh.     One-half 

natural  size. 
Figure  3.— Last  lower  molar  of  same  species.     Also  one-half  natural  size. 
Figure  4. — Last  lower  molar  of  Ammodon  hathrodon^  Marsh.   One-half  natural  size. 

Plate  X. 

Figure  I. — Last  upper  molar  of  Perchosrus  antiquus.  Marsh.     Natural  size. 
Figure  2. — Left  lower  jaw  of    Colodon  luxatus,   Marsh;    side  view.     One-half 

natural  size. 
Figure  3. — The  same  jaw ;    seen  from  above. 

Figure  4. — Last  lower  molar  of  Rhinoceros  matutinus.  Marsh.  One-half  natural  size. 
Figure  5. — Portion  of  lower  jaw  of  Laopithecm  robustus^  Marsh.     Natural  size. 
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Art.  JjV.-^07i  Endothe^^mic  JJecompositions  obtained  hy 
Pressure.  Second  Part  Transformations  of  Energy  hy 
Shearing  St/ress  ^  by  M.  Carey  Lea. 

Of  the  relations  which  exist  between  two  forms  of  energy, 
mechanical  and  chemical,  very  little  if  anything  is  known.  In 
the  second  volume  of  his  Lehrbuch,  Ostwald  remarks  that  as 
to  these  relations  "almost  nothing"  is  known.* 

There  are  certain  familiar  cases  in  which  mechanical  energy 
may  seem  at  first  sight  to  be  converted  into  chemical  energy. 
The  fulminates,  iodimide,  and  other  substances  explode  by 
shock.  But  it  is  hardly  necessary  to  remark  that  all  such  reac- 
tions are  exothermic  and  need  an  external  impulse  only,  to 
start  them — if  this  impulse  were  not  needed  such  compounds 
could  not  exist  at  all.  Were  such  reactions  taken  as  true  trans- 
formations of  energy  an  absence  of  due  relation  between  cause 
and  effect  would  be  involved.  For  the  shock  that  suffices  to 
explode  a  grain  of  fulminate  will  equally  explode  a  ton.  The 
faint  spark  that  will  explode  a  grain  of  gunpowder  will  also 
explode  a  magazine. 

Present  opinion  holds  undoubtedly  that  no  true  transforma- 
tion of  mechanical  into  chemical  energy  is  known.  Most  text 
books  do  not  consider  the  question  at  all.  But  Dr.  Horstmann 
in  the  volume  of  theoretical  chemistry  which  forms  part  of  the 

last  German  edition  of  Graham  Otto's  Chemistry,  discusses  the 

*  "Andererseits  ist  von  der  Verhaltnis  zwischen  raechanisclier  und  chemischer 
Energie,  fast  nichts  bekannt."  A  few  lines  below,  this  remark  is  repeated  with 
emphasis.    Lehrbuch,  2d  Grerman  ed.,  vol.  ii,  p.  12. 

Am.  Joub.  Sci.— Third  Series,  Vol.  XLVI,  No.  276.— Dec,  1893. 
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matter.  His  views  are  so  much  to  the  point  that  I  shall  trang- 
late  a  few  sentences,  putting  in  itajies  the  statements  to  which 
I  would  specially  refer. 

''  We  must  consequently  admit  that  through  a  rough  mechan- 
ical attack  the  molecular  structure  of  certain  chemical  com-  • 
pounds  can  be  disrupted  and  destroyed.  This  will  certainly 
be  possible  only  for  compounds  in  whose  molecules  the  arrange- 
ment of  the  atoms  does  not  correspond  to  a  stable  equilibrium 
and  in  which  therefore  the  chemical  energies  themselves  are 
already  striving  to  form  simpler  and  more  stable  compounds 
out  of  the  constituents  of  the  existing  substance.  For  it  can- 
not be  adntitted  that  actual  chemical  changes  can  he  brought 
about  by  a  mechanical  impulse,'*^  (1.  c.,  p.  350). 

In  another  chapter  he  says  with  equal  distinctness : 

''^  By  mechanical  means  alone  no  reaction  against  the  force 
of  chemical  energy  can  be  brought  about.  By  a  shock  or  blow 
the  molecular  structure  of  chemical  compounds  can  indeed  be 
so  far  loosened  that  free  play  is  given  to  chemical  forces;  but 
against  these  forces  ice  cannot  by  mechanical  means  separate 
the  atoms  nor  combine  them  in  a  definite  tcay,^'^  (p.  594). 

These  expressions  of  a  distinguished  chemist  will  sufficiently 
indicate  what  has  been  up  to  the  present  time  the  opinion  of 
chemists  as  to  the  possibility  of  transforming  mechanical 
energy  into  chemical. 

In  the  first  part  of  this  paper  I  believe  I  have  been  able  to 
show  in  a  qualitative  way  the  production  of  true  endothermic 
reactions  by  mechanical  forca  In  the  pi-esent  part  I  hope  to 
show  an  increased  number  of  such  reactions  and  in  one  case  to 
exhibit  actual  quantitative  results,  at  least  so  far  as  to  obtain 
tlie  product  of  the  transformation  in  weighable  quantities. 

In  the  first  part  decompositions  were  described  that  were 
brought  about  by  simple  pressure.  Compounds  formed  by 
exothermic  reactions,  and  therefore  requiring  expenditure  of 
energy  to  break  them  up,  were  decomposed.  The  investiga- 
tion might  probably  have  been  made  to  include  a  still  larger 
range  of  substances.  But  it  was  found  that  the  efficiency  of 
pressure  was  so  enormously  increased  by  the  addition  of  shear- 
ing motion,  that  decompositions  requiring  a  force  of  hundreds 
of  thousands  of  pounds  with  pressure  alone,  could  be  effected  by 
the  mere  strength  of  the  hand  when  shearing  stress  was  used. 
More  than  this,  decompositions  which  enormous  pressures 
failed  to  effect,  readily  took  place  under  the  action  of  shearing 
stress.* 

*  It  would  not  have  been  difficult  to  obtain  much  greater  pressures  than  those 
desoril>ed  in  the  first  part  of  this  papt-r.  This  could  be  e^cted  by  means  of  the 
differential  screw.    1  had  planned  for  a  screw  with  threads  of  40  tumsin  10  inches 
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(I) 

It  was  mentioned  in  a  previous  paper  on  tlie  decomposition 
of  the  silver  haloids  by  mechanical  force  that  when  silver 
chloride  was  sharply  ground  for  some  time  in  a  mortar,  both 
the  pestle  and  mortar  became  covered  with  a  deej)  purple  var- 
nish of  silver  photochloride,  thus  indicating  a  partial  reduction 
to  subchloride.  It  has  since  proved  that  there  is  no  more  effec- 
tual method  than  this  of  applying  shearing  stress  and  that  in 
this  way  a  number  of  quite  stable  chemical  compounds  formed 
by  exothermic  reactions  can  be  broken  up.  The  mortar  and 
pestle  should  be  very  solid  and  of  unglazed  porcelain.  With 
metal,  there  would  be  danger  of  action  between  the  metal  and 
the  substance  and  with  agate  mortars  sufficient  force  cannot 
well  be  applied.  In  many  cases  success  depends  on  the  exer- 
tion of  great  pressure  on  the  j)estle.  It  is  also  absolutely  essen- 
tial that  the  quantity  of  material  acted  upon  should  be  small. 
When  a  larger  quantity  is  employed  the  particles  slip  or  roll 
over  each  other  and  thus  escape  the  action  of  the  stress.  It  is 
no  doubt  for  this  reason  that  the  very  remarkable  results  which 
can  be  obtained  in  this  way  have  hitherto  escaped  attention. 

A  small  quantity,  a  few  decigrams,  of  the  substance  having 
been  placed  in  the  mortar  the  first  thing  is  to  spread  it  in  a 
thin  uniform  coat  over  the  bottom  and  part  of  the  sides.  The 
pestle  is  then  to  be  rotated  with  the  utmost  force  that  can  be 
exerted. 

Sodium  Chloraurate. — The  salts  of  gold  are  particularly 
well  adapted  to  this  examination  as  the  reduction  is  complete 

aod  .^9i  turns  in  10  inolics  rei*pi.>ctively.  The  mechanical  efficiency  of  such  a 
screw  is  that  of  one  iiaving  ;J2«»  turns  to  the  inch  if  sucli  a  thinjr  were  practica- 
ble, at  the  sumo  time  that  a  thorou>:lily  strong  construction  can  be  obtained. 
The  massive  steel  nut  to  advance  \  of  an  inch  would  require  40  full  turns  of  this 
screw. 

This  arrangement  compares  as  follows  with  that  previously  employed.  In  it  to 
cause  the  vis»^  jaws  to  ap()roach  by  1  inch  required  that  Jhe  point  oi  the  lever  at 
which  the  force  was  applied  should  pass  through  a  space  of  1  l.TI  feel :  this  rela- 
tion, I  inch  to  1181  feet  or  ".  :  1M.>7'2  gives  the  measure  of  the  efficiency  of  the 
instrument. 

WMth  the  double  screw,  on  the  (;ther  hand,  to  cause  the  nut  to  advance  ^  of  an 
inch  the  end  of  the  lever  (2  feet  long)  must  pass  through  a  si)aco  of  500  feet  or  in 
the  proportion  of  1  inch  to  over  2  of  a  nulc.  The  circuuiference  described  by  the 
lever  being  approximately  l.'A  feet  and  the  screw  requiring  40  turns  to  advance 
the  nut  \  of  an  inch  we  get  tlif^  proportion  of  1  inch  to  i.OOO  feoi,  or  1  to  48,000. 
which  is  the  measure  of  the  ellicioncy  of  such  an  iustriunent.  Therefore,  suppos- 
ing two  men  to  pull  on  the  end  of  the  lever  each  with  a  pull  of  100  lbs.  the  pres- 
sure exerted  on  the  nut  (disregarding  loss  by  friction)  would  bo  9,600,000  lbs., 
which  could  be  doubled  by  using  a  4 -foot  lever. 

Such  a  combination  is  (pnie  practicable,  the  only  real  difficulty  being  to  obtain 
sufficient  solidity  of  construction  to  resist  the  stram.  I  had  made  drawings  for 
this  instnnnent,  but  gave  it  up  in  consequence  of  observing  the  enormously 
greater  efficiency  of  shearing  stress  as  a  means  of  transforming  mechanical  into 
chemical  energy. 
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and  the  gold  appears  in  the  metaUic  state  so  that  it  dlin  be 
weighed  and  the  exact  amount  of  reduction  can  be  fixed.  It 
will  be  seen  by  (3)  below  that  it  may  amount  to  as  much  as 
over  4  per  cent  of  the  gold  present. 

(1)  Two  or  three  decigrams  of  chloraurate  with  a  moderate 
trituration  left  1*8  milligram  of  metallic  gold.  Under  the 
action  of  the  pestle  the  yellow  color  of  the  salt  gradually  deep- 
ened to  an  olive  shade.  When  water  was  poured  on,  the  unde- 
composed  salt  dissolved,  leaving  the  gold  as  a  delicate  purple 
powder.  The  color  of  the  gold  being  purple  instead  of  the 
more  usual  brown  shade  explains  the  olive  color  just  men- 
tioned, yellow  and  purple  combining  to  form  olive. 

(2)  Half  a  gram  of  the  salt  was  taken.  This  specimen  was 
more  neutral  than  the  preceding  and  was  therefore  more  easily 
reduced.  Half  an  hour's  trituration  had  for  effect  the  reduc- 
tion of  9*2  mgs.  of  gold. 

(3)  A  similar  treatment  of  the  same  quantity  of  chloraurate 
resulted  in  the  separation  of  10*5  mgs.  of  gold. 

These  may  seem  at  first  somewhat  small  proportions.  But 
it  is  to  be  recollected  that  the  force  is  necessarily  applied  at  a 
disadvantage  and  that  the  equivalent  in  work  of  chemical  aflBn- 
ity  is  always  very  large.  In  the  present  case  the  figures  are  as 
follows :  Thomsen  found  as  the  heat  equivalent  for  the  com- 
bination of  gold  with  chlorine  to  form  auric  chloride  28*8  great 
calories.  Taking  the  atomic  weight  of  gold  as  197,  we  find 
that  one  gram  of  gold  in  forming  auric  chloride  disengages 
115*7  small  calories  or  water-gram-degrees,  whose  equivalent, 
taking  Rowland's  determination,  is  49,*288*2  gram-meters  corre- 
sponding to  4*83  X  10'  ergs  or  483  joules. 

The  small  quantity  of  gold  reduced  in  (3),  10^  milligrams, 
would  by  conversion  to  auric  chloride  generate  1*215  water- 
gram-degrees  of  heat  whose  equivalent  in  work  is  618  gram- 
meters.  As  heat  is  a  degraded  form  of  energy  such  an  actual 
transformation  without  loss  to  a  higher  form  would  be  impos- 
sible. It  is  more  correct  to  say,  therefore,  that  the  aniount  of 
energy  which  would  raise  618  grams  to  the  height  of  one 
meter  can  be  transformed  into  the  same  amount  of  lieat,  1*215 
water-gram-degrees,  as  is  evolved  by  10*5  mgs.  of  gold  by  con- 
version into  auric  chloride.  Consequently  this  work,  518  gram- 
meters  represents  the  amount  of  mechanical  energy  transformed 
into  chemical  energy  in  operation  [3].* 

It  does  not  appear  that  in  effecting  these  reactions  and  the 
others  which  remain  to  be  described,  mechanical  energy  under- 

*  The  amount  of  energy  required  would  in  fact  slightly  exceed  this  as  the 
thermochemical  equivalent  of  formation  of  sodium  chloraurate  would  slightly  ex- 
ceed that  of  auric  chloride  For  the  chloraurate  I  do  not  find  a  determination. 
but  preferred  to  use  this  salt  in  the  operation  as  being  both  more  stable  and  more 
neutral,  than  auric  chloride. 
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goes  an  intermediate  conversion  into  heat.  Rapid  movements 
are  not  needed,  what  is  required  is  strong  pressure  v^ith  move- 
ment, but  this  need  not  be  rapid.  Nor  does  the  mortar  or  the 
pestle  become  sensibly  warm.  The  operation  does  not  need  to 
be  continuous  but  may  be  broken  up  with  any  number  of  in- 
tervals. But  a  decisive  conclusion  can  be  drawn  from  those 
cases  in  which  decompositions  are  eflEected  in  this  way  that 
cannot  he  produced  hy  heat.  For  example,  i»  the  next  instance 
to  be  mentioned  there  is  a  partial  reduction  of  corrosive  subli- 
mate to  calomel.  By  heat,  corrosive  sublimate  sublimes  unal- 
tered and  the  same  is  true  of  mercurous  chloride.  The  three 
silver  haloids  fuse  unchanged  at  a  red  heat.  The  same  conclu- 
sion can  be  drawn  from  other  reactions. 

These  results  were  obtained  in  an  atmosphere  absolutely 
free  from  dust  so  that  the  reducing  action  of  this  substance 
was  completely  excluded. 

Mercu7'ic  0/iloride.  —  A  si)ecimen  \vhich  after  lightly  pow- 
dering did  not  darken  in  the  least  with  ammonia,  was  triturated 
in  the  manner  just  described  with  several  intervals,  in  all  for 
15  minutes.  It  then  became  gray  in  a  very  striking  way  when 
moistened  with  ammonia. 

This  is  a  very  interesting  reaction.  In  the  first  part  of  this 
paper  it  was  mentioned  that  mercuric  chloride  could  be  sub- 
jected to  a  pressure  of  about  70,000  atmospheres  absolutely 
without  change.  It  appears,  however,  that  a  pressure  amount- 
ing to  less  than  a  hundred  pounds  causes  decomposition  when 
combined  with  movement,  showing  the  enormously  greater 
efficiency  of  shearing  stress  as  compared  with  simple  pressure. 
Not  only  this  but  as  just  mentioned  shearing  stress  produces 
decompositions  which  heat  is  not  competent  to  effect. 

Mercxirons  Chloride, — ^When  calomel  was  sharply  triturated 
in  a  mortar  it  first  became  yellow  and  then  blackened  without 
difficulty. 

Turpeth  Mineral^  3HgO,  SO3. — Reduces  rather  slowly. 

Mercuric  Oxychloride^  '•iWgO^  HgClg,  obtained  by  precipi- 
tating corrosive  sublimate  by  potash  acid  carbonate,  exhibited 
the  following  reaction.  Its  brownit^h  purple  color  by  light 
grinding  became  lighter  and  then  when  strong  force  was  used 
it  blackened  with  remarkable  ease. 

Mercuric  Iodide  shows  a  trace  of  blackeninc^. 

Mercuric  Oxide. — This  substance  yields  much  more  readily 
to  trituration  than  to  simple  pressure.  Especially  on  the  sides 
of  the  mortar  it  was  quite  blackened.  The  layer  of  material 
must  be  quite  thin  otherwise  little  effect  is  produced. 

Platinic  Chloride. — Gradually  darkened  in  a  very  marked 
way,  finally  becofTiing  blackish. 

Ainrrioniuin  Platinichloride  gave  same  result. 
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Silver  Tartrate. — Wheo  spread  in  a  very  thin  skin  over  the 
mortar  each  sliarp  stroke  of  the  pestle  left  a  black  line  behind 
it.  This  is  a  strong  constrast  with  the  complete  resistance  of 
this  substance  to  simple  pressure. 

Silver  Carbonate, — Action  similar. 

Silver  Citrate, — Blackens  very  easily. 

Silver  Oxalate, — At  least  as  easily. 

Silver  Arsenate, — Nearly  as  easily. 

Silver  Sulphite, — Effect  visible  in  five  minntes  and  gradually 
increasing.     Very  well  marked. 

Silver  Salicylate, — Xo  silver  salt  appears  to  be  so  easily  re- 
ducible as  this.  Every  sharp  stroke  of  the  pestle  leaves  a 
brown  mark  behind  it. 

Silver  Orthophosphate, — Affected  easily.  After  the  phos- 
phate has  been  a  good  deal  reduced  the  unchanged  part  may 
be  dissolved  out  with  ammonia.  The  black  residue  after 
washing  readily  dissolves  in  dilute  nitric  acid  and  the  solution 
gives  a  white  c^oud  with  hydrochloric  acid. 

Pot<issiuin  Ferridcyanide,  —  A  crystal  of  the  pure  salt 
sharply  gronnd  in  a  mortar  becomes  in  portions  brown  and  in 
others  blue.  The  quantity  used  must,  as  indeed  in  all  of  the 
above  cases,  be  small,  one  or  two  decigrams.  If  a  little  dis- 
tilled water  be  added  an  insoluble  blue  powder  is  left  behind 
and  the  solntion  formed  strikes  a  blue  color  when  added  to  one 
of  ferric  alum.  This  indicates  that  the  decomposition  is  two- 
fold. The  experiment  is  quite  a  striking  one  and  the  result  is 
easily  obtained. 

(II) 

This  form  of  mechanical  force,  shearins:  stress,  may  be  ap- 
plied to  effect  endothermic  change  in  other  ways.  A  very 
simple,  and  at  the  same  time  very  efficient,  method  is  that  of 
pressure  with  a  glass  rod.  Pure  strong  paper  is  to  be  imbued 
with  a  solution  of  the  substance,  if  it  is  soluble,  or  if  not,  it  is 
to  be  made  into  a  paste  with  water  and  then  applied  with  a 
brush.  The  paper  is  to  be  then  very  thoroughly  dried  and  is 
to  be  laid  upon  a  piece  of  plate  glass.  Characters  are  to  be 
marked  on  it  with  the  end  of  a  glass  rod  that  has  been  rounded 
1)V  heat,  using  as  much  pressure  as  is  possible  without  tearing 
the  paper. 

More  than  twenty  years  ago  I  was  able  to  show  that  marks 
made  in  tliis  way  on  sensitive  photographic  films  could  be  de- 
veloj»ed,  as  an  invisihle  image  had  been  impressed.  That, 
however,  is  a  somewhat  different  matter  from  actual  and  visi- 
ble decomposition  following  each  stroke  of  the  rod,  a  result 
which  may  he  obtained  with  various  salts  of  gold,  mercury, 
silver  and  other  metals. 
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Potassium  Ferridcyanide, — Pure  paper  was  imbued  with  a 
dilute  solution  of  this  salt.  After  thorough  drying  it  was  laid 
on  a  glass  plate  and  marks  were  made  with  a  glass  rod  in  the 
manner  just  described.  These  marks  were  immediately  visible 
and  when  the  paper  was  plunged  into  dilute  solution  of  ferric 
ammonia  alum  or  of  ferric  chloride  thc^y  became  dark  blue. 
It  is  probable  that  the  decomposition  here  effected  was  twofold 
(see  above). — The  vitroprussides  appear  to  be  much  more  sta- 
ble than  the  ferridcyanides.  When  sodium  nitro  prusside 
paper  was  treated  with  pressure,  followed  by  appropriate  rea- 
gents, no  indications  of  decomposition  were  obtained. 

Auric  Chloride, — Paper  imbued  with  a  solution  of  auric 
chloride  and  marked  in  the  manner  described  was  thoroughly 
soaked  in  water  to  remove,  as  far  as  possible,  the  rest  of  the 
gold  salt.  The  marks  were  very  distinct  and  gradually  gained 
with  time.     Color  dark  purplish  gray. 

Platinic  Chloride — After  drying  and  marking,  the  paper 
was  thoroughly  soaked  in  water  and  dried.  The  marks  were 
very  distinct,  of  a  yellow  color. 

Ammonium.  Platinichloride. — Marks  very  visible.  Contin- 
ued  to  slowly  deepen,  and  in  a  few  weeks  were  almost  black. 

iSUver  Carhonate.  —  The  traces  of  the  rod  were  brown. 
When  the  paper  was  placed  in  ammonia  the  carbonate  dis- 
solved, but  the  marks  resisted  the  action  of  the  ammonia  and 
remained. 

Silver  Phosphate. — Action  very  similar  to  the  preceding. 

Silver  Arsenate, — Similar  action. 

Silver  Tartrate  and  Oxalate. — These  salts  gave  analogous 
results  to  the  preceding,  but  not  so  well  marked.  The  carbo- 
nate phosphate  and  arsenate  show  this  reaction  best  and  about 
equally  well.  What  is  rather  curious  is  that  silver  chloride 
does  not  exhibit  a  visible  action. 

MercuAc  Oxhide. — Pa])er  imbued  with  a  saturated  solution 
of  mercuric  nitrate  and  then  treated  with  solution  of  potash 
and  dried  shows  this  reaction  very  distinctly.  Mercuric  oxide 
appears  to  be  quite  sensitive  to  light. 

Turpeth  Mineral, — Mercuric  sulphate  was  dissolved  in  water 
with  the  aid  of  sulphuric  acid.  Paper  was  "soaked  in  the  solu- 
tion, allowed  to  become  nearly  dry  and  then  washed.  This 
paper  showed  the  reaction  very  moderately,  but  the  marks 
were  brought  out  more  strongly  by  immersion  in  ammonia. 

Ferric  Alum  {animonia), — Paper  imbued  with  solution  of 
this  salt  dried  and  marked  was  immersed  in  solution  of  potas- 
sium ferridcyanide.  The  marks  came  out  blue  showing  that 
the  ferric  salt  had  undergone  partial  reduction. 
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It  is  easily  conceivable  that  the  action  of  shearing  stress 
should  be  enormously  greater  than  that  of  simple  pressure. 
For  it  seems  probable  that  pressure  can  only  cause  decomposi- 
tion when  the  resulting  product  is  more  dense,  has  a  greater 
specific  mass,  than  the  original  substance.  With  shearing  stress 
the  case  is  altogether  different.  All  matter  is  in  a  state  of 
vibration  and  it  is  easily  conceivable  that  the  forcible  friction 
of  a  hard  substance  may  increase  vibration  in  somewhat  the 
same  way  as  does  a  bow  drawn  over  a  stretched  cord.  Both 
the  elasticity  and  the  tension  of  the  atoms  themselves  are 
vastly  greater  than  those  of  any  stretched  cord  so  that  the 
increased  vibration  may  easily  be  suflScient  to  shatter  the  mole- 
cule. 

The  transformation  of  light,  heat,  and  electricity  into  mechan- 
ical energy  as  well  as  the  converse  transformations  are  extremely 
familiar.  That  mechanical  energy  may  be  transformed  into 
chemical  energy  is  proved  by  the  results  in  these  papers  de- 
scribed. The  converse  transformation,  that  of  chemism  into 
work,  is  in  an  industrial  point  of  view  by  far  the  greatest 
chemical  problem  now  waiting  for  solution.  But  it  is  by  no 
means  certain  that  such  a  transformation  is  practically  possi- 
ble. At  least  it  seems  probable  that  the  improvement  in  oiir 
method  of  obtaining  work  from  the  chemism  of  carbon  may 
be  in  the  direction  of  substituting  electricity  for  heat  as  the 
intermediary. 
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North  Carolina;  by  H.  A.  Miers 

The  remarkable  crystals  of  quartz  from  this  locality  have 
been  the  subject  of  several  memoirs  by  the  late  Professor  G. 
vora  Rath,  which  render  it  unnecessary  to  say  anything  regard- 
ing the  general  features  of  the  North  Carolina  quartz.  The 
following  note,  which  relates  to  three  interesting  crystals 
recently  presented  to  the  British  Museum  by  Mr.  W.  E. 
Hidden,  serves  to  confirm  and  supplement  the  observations  of 
vein  Rath,  concerning  the  rare  planes  which  occur  upon  some 
of  the  more  highly  modified  crystals  from  the  Uiddenite  mine. 
In  the  accompanying  diagrams  the  crystals  are  drawn  and  let- 
tered in  accordance  with  the  position  and  notation  adopted  by 
vom  Rath  in  order  to  facilitate  reference  to  his  figures. 

Crystal  No.  1  is  remarkable  as  showing  a  very  well  devel- 
oped basal  plane  (fig.  1)  ;  tiie  crystal  is  a  pyramid  li^  —  i?, 
broken  at  its  lower  end  so  that  no  prism  faces  are  visible ;  the 
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apex  is  trnncated  by  a  smooth  face  which  is  certainly  as  per- 
fect an  example  of  the  basal  plane  upon  quartz  as  any  which 
exist.  The  face  is  dull  and  slightly  ronnded,  and  the  central 
portion  is  slightly  raised  above  the  edges  as  indicated  in  the 
figare,  but  it  is  sufHciently  smooth  to  yield  an  image  on  the 


reflecting  goniometer.  Measurement  in  the  zone  R:—Ji  = 
[100:122]  gave  a  series  of  images  occupying  an  angular 
breadth  of  about  3^°  : 


49°  24'  to  52°  51'   n 

lean  51°  7  J' 

50    44    to   54    11 

"      52  27+' 

03    :H4 

51    47    calculalL'd. 

R:    0/; 

This  face  has  all  the  appuaraneaof  a  corrosion  surface  and  1 
share  the  opinion  of  Molenf^raiif  that  most  of  the  rare  planes 
upon  the  North  Carolina  quartz  have  been  produced  in  this 
way. 

Tlie  crystal  is  further  remarkable  for  one  of  the  very  rare 
planes  which  replace  the  ed;rcs  of  the  primary  rliombohedron  ; 
only  one  such  edge  is  developed  in  the  present  instance  and  it 
is  replaced  by  a  face  m  which  iw  rounded  in  the  Kone  JUi. 

This  finrface  yields  a  series  of  somewhat  indistinct  images 

in  the  zone  Jill  whi  '  '         

tions  to  (100). 


which  correspond  to  the  following  inclina- 


hkO: 

100 

31^ 

•34' 

31 

59 

32 

26 

32 

54 

34 

3 

34 

47 
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h  +  k 

h~k 
464 
4-82 
5-03 
5-28 
5-98 
6-52 

The  first  four  images  are  the  best ;  the  angle  Rli  was  meas- 
ured as  85°  45f '. 

This  face  or  corrosion  surface  is  doubtless  identical  with 
that  described  by  vom  Rath"^  from  the  same  locality  as  a  right 
herai-scalenohedron  replacing  the  edge  RR^  and  accompanied 
by  -.i^=  {110(,  the  symbol  being  -  i^pjf  =  1 11.7.0^  = 
|4.7.1I.18|. 

The  above  measurements  show  that  the  face  may  with 
greater  probability  be   referred  to  the  form  |820f  =— y/^f= 

\  1255}  for  which  the  angle  is  100 :  320  =  32°  23i',  f^-i^  =  5 j. 

The  angle  measured  by  vom  Rath  was  31°  13'  (approximate). 
The  order  of  the  rhombohedral  axes  adopted  here  is  such  as  to 
harmonize  with  the  indices  of  previous  authors  who  have  used 
the  Millerian  system  in  describing  new  faces  on  quartz. 

Crystal  No.  2  exhibits  a  very  unusual  habit  (tig.  2),  being 
terminated  by  three  large  and  well-developed  faces  of  the 
obtuse  rhombohedron  —  ^R  =-[^1]  which  gives  it  the  aspect 
of  a  calcite  termination.  This  extremely  rare  face  was  ob- 
served by  vom  Rath  on  a  curious  crystal  from  the  same  local- 
ity (Zeitschr.  f .  Xrystallographie,  x,  170,  Taf.  vi,  fig.  5).  There, 
as  in  the  present  instance,  the  form  .—  ^R  is  accompanied  by 
small  planes  of  — ^7?  which  truncate  the  edges  of  the  primary 
rhombohedron ;  but  the  measurements  of  vom  Rath  were 
insufficient  to  establish  the  symbols  with  certainty. 

On  the  crystal  represented  in  fig.  2  the  faces  of  —  ^-ff  are 
dull  and  drusy  as  though  due  to  a  corrosion  which  has  also 
spread  partly  over  the  small  faces  of  — i-ff/  the  latter  are 
otherwise  smooth  and  reflect  well ;  the  inclinations  of  —^R 
can  be  measured  with  perfect  accuracy  after  the  faces  have 
been  slightly  oiled. 

Measured.  Calculated. 

-R:  -hR    =  19°  21'  19°  22' 

—  R:-Ir  28    48  28    50 

Crystal  No,  3, — This  crystal,  represented  in  tig.  3,  is  interest- 
ing on  account  of  two  faces  0^  0^  which  are  right  positive 
hemiscalenohedra  lying  out  of  the  usual  zone  Rsu, 

*  Zeitschr.  f.  Krystallographie,  x,  172. 
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The  crystal  is  somewhat  difficult  of  measurement  on  account 
of  the  uneven  nature  of  the  principal  rhorabohedron  faces, 
and  the  usual  horizontal  strise  and  vertical  reentrant  angles 
upon  the  prism. 

The  faces  —Roi  the  figure  are  curved  and  onlv  retain  a 
small  plane  surface  near  their  right-hand  edges  which  yields  a 
brilliant  reflection  belonging  to  —  R.     The  prism  faces  g^  g^^ 

make  a  reentrant  angle  of  0°  20^'  but  y^  ^^  inclined  at  59°  69' 

to  1^. 

The  indices  of  <P^  and  0,  can  therefore  be  best  fixed  by 
measuring  the  inclinations  of  these  faces  to  g^  g^^  8  and  u  / 

care  being  taken  to  employ  the  rig^ht  hand  portion  of  3  A?,  since 
this  face  has  a  vertical  reentrant  angle  (indicated  in  the  figure) 
of  0°  16'. 

The  form  0^  has  been  observed  by  vom  Rath  on  similar 
crystals  from  this  locality  (Zeitschr.  f.  Krystallographie,  xii, 
453,  Taf.  viii,  fig.  1)  and  has  the  symbol 

40.5.I'7  =  ^/^1-J=  15.4.19-6 

established  without  any  doubt  by  the  following  measurements  : 


Measured. 

vora  Rath. 

Calculated. 

ZR:^,- 

11°9' 

10'' 57'      10°  50' 

11°  8i' 

s  :  <P, 

19    33 

19    54  —19    56 

19    38} 

m:  <?, 

3    51 

3°  57 

3    43 

ffa  •■  ^. 

19    12 

19    1 

ff-^r 

50     16 

50    14 

8" 

34i 

24 

3()i 

0 

43i 

13 

58 

52 

46 

The  face  0^  presents  somewhat  greater  difficulty;  it  yielded 
the  following  measurements : 

Cajculated  for 
Measured.  4>.j  =  23  r).Io  *a  =  32.7.14 

SB  :  (P^=  8°  26'  8°  30|' 

s:  4\  24    25.J  24    27 

n:  <P^  b    bl"  b    44^ 

Oa-^.  14    4  14    4i 

g:^^  52    IS  52    40.V 

The  measurements  suggest  as  the  simplest  symbol : 

0,  =  23.5.15  =  V^^Ih  =  28.5.33.8 

With  indices  of  such  complexity,  however,  which  seem  to  be 
scarcely  subject  to  the  law  of  rationality  it  is  important  to 
ascertain  whether  a  slight  change  of  the  numbers  will  not 
bring  the  position  of  the  face  into  harmony  with  others  of  the 
rare  trapezohedra  of  quartz. 

Now  0^  lies  almost  in  the  same  zone  with  s  and  two  planes 
recorded  by  Des  Cloizeaux  in  his  classic  memoir  on  quartz 
(pp.  107,  118)  namely  : 


424        R,  A.  Miers — Quartz  from,  North  Ca/tolina. 

n=  18.3.  8  =^Pff 
^  =  25.5.11  =^Pi 

The  former  replaces  the  edge  between  u  and  SH  on  a  crystal 
from  Wallis  (fig.  27) ;  the  latter  replaces  the  edge  between  s 
and  an  acute  rljombohedron  to  which  the  symbol  8^  is  ascribed, 
on  a  crystal  from  Wallis  (fig.  41)  ;  both  forms  are,  it  is  true, 
somewhat  doubtful,  and  no  numerical  measurements  are  given 
for  the  face  0  ;  it  is  in  fact  quite  possible  that  the  latter  may 
be  identical  with  0^  of  the  present  crystal. 

If  0,  belongs  to  the  zone  sll  it  must  have  the  symbol : 

32.7.14  =  f  JP|f  =  39.7.46.11 

The  angular  values  corresponding  to  this  symbol  are  given  in 
the  last  column  of  the  preceding  table  and  approximate  very 
closely  to  the  observed  angles ;  in  fact  it  is  scarcely  possible 
from  the  above  observations  alone  to  distinguish  between  the 
two  syjnbols. 

Now  the  measurements  are  perfectly  reliable,  both  0^  and  (?, 
being  bright  faces  which  yield  very  sharp  reflexions.  0^  is 
smooth,  and  <P,  is  slightly  striated  in  a  direction  almost  coinci- 
dent with  the  edge  0^  0^ 

In  order  to  establish  with  accuracy  the  zone  0^  0^  we  may 
seek  to  determine  the  acute  rhombohedron  which  it  contains. 

Between  37?,  which  is  a  brilliant  face,  and  the  prism  g^  is  an 

acute  rhombohedron  Y^. 

37?  :  I";  =  12°22f 

SBig^        14    27     (calculated  14°  42 J') 

further  0^  lies  in  a  zone  with  0^  and  Y^. 

Now  since  the  angle  SBiff^  differs  by  15^'  from  its  calcu- 
lated value,  and  the  face  SH  yields  the  better  reflection  and  is 
free  from  striations,  we  must  determine  the  indices  of  Y^  from 
its  inclination  to  SI^,  disregarding  (/a.    Hence 

Y^  =  1SR  37?  :  187?  =  12°  14f  (calculated). 

Assuming  the  indices 

0^  =  40.5.17,  ^,  =  23.5.10 

the  zone  0^  0^  contains  the  rhombohedron  76.35.35  =  ^B 
which  is  inclined  to  3/i  at  the  angle  12°  16J^'  and  therefore 
practically  coincides  with  Y^. 

If,  on  the  other  hand  the  indices  of  0^  are  32.7.1?  the  zone 
0^0^  contains  the  rhombohedron  104.JS.$9  = -^gi-T?  which  is 
inclined  to  3/^  at  the  angle  12°  50^'. 

Hence  there  can  be  no  doubt  that  the  symbol  of  the  new 
face  is 

0^  =  23.5.10 
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Art.  LVII. — On  the  Double  Chlorides^  Bromides  and  Iodides 
of  CcBsiurrt  and  Cadmium ;  by  H.  L.  Wells  and  P.  T. 
Walden. 

Since  the  caesiura  mercuric  halides*  bad  been  studied  by 
one  of  us  with  the  result  that  six  types  of  double  salts  were 
found,  it  seemed  desirable  to  extend  the  investigation  to  the 
metal  cadmium  on  account  of  its  close  relation  to  mercury. 
We  have,  therefore,  undertaken  this  work  and  as  the  result  of 
a  systematic  and  very  thoroujjjh  search  have  obtained  the  fol- 
lowing compounds.  The  salt  Cs^CdCl^  had  already  been 
described  by  Godeffroy. 


3: 1  Type. 

2 :  1  Type. 

1 : 1  Type. 

Cs.CdCl, 

CsCdCl, 

c'slcdBr 

C.>*,C(lIii- 

CsCdBr, 

Cs.CdI. 

Cs.Cdl, 

C8CdI,.H,0 

These  cadmium  salts  correspond  to  the  three  types  of  mercuric 
compounds  which  contain  the  largest  proportion  of  caesium, 
and  no  evidence  of  the  existence  of  cadmium  double  halides 
analogous  to  the  2:3,  1:2,  and  1 :5  types  of  ceesium-mercuric 
salts  could  be  obtained.  It  is  evident  that  the  tendency  to 
form  a  variety  of  double  halides  decreases  from  mercury  to 
cadmium. 

Three  types  of  cadmium  double  halides  with  alkali  metals 
and  ammonium  have  been  previously  described,  and  a  list  of 
these  is  as  follows : 

4: 1  Type.  2  : 1  Type.  1:1  Type. 

(NHJ^CdCI         (NH  ),CdCl,.  H,0  KCdCI. .  ^Rfi 

K  CdCl.  Na,CdCl, .  3H,0  NaCdBr, .  2iH,0 

(NHJ^CdBr.        K,CdCl,  KCdBr, .  iH,0 

K^CdBr.  K,CdCl,.H,0  NH^CdBr,.  iH,0 

(NHJ,CdI, .  2H,0  NH^CdF. 

Nti,CdI,.6H,0 

K,CdI,.2H,0 

It  is  noticeable  that,  while  the  2  : 1  and  1 : 1  salts  in  the 
above  table  correspond  to  two  types  of  the  caesium  salts  which 
we  have  prepared,  the  4:1  type  of  ammonium  and  potassium 
compounds  differs  from  our  3 : 1  caesium-cadmium  salts  and 
from  the  corresponding  caesium-mercuric  compounds.  We 
were  entirely  confident  that  our  results  were  correct,  for  the 
salts  were  well  crystallized  and  carefully  prepared  for  analysis, 
and  it  was  impossible  to  believe  that  we  had  obtained  too  little 

*This  Journal,  III,  xliv,  221. 
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caesium  in  our  analyses,  because  the  salts  of  this  type  were 
crystallized  from  solutions  containing  a  large  excess  of  caesium 
halide.  In  order  to  convince  ourselves  that  there  was  no  mis- 
take about  the  4 : 1  formulae  we  have  prepared  the  two  chlo- 
rides according  to  the  directions  of  von  Hauer  who  described 
them.  The  salts  were  extremely  well  crystallized  and  it  was 
easy  to  obtain  them  in  a  very  pure  condition.  The  results  of 
the  analyses  were  as  follows  : 


• 

Calculated  for 

Found. 

K^CdCl,. 

Potassium 

...    32'35              

32  49 

Cadmium 

...    23-39            23-36 

2327 

Chlorine 

.. .   44-00            44-12 

44-24 

Calculated  for 

Found. 

(NHJ^CdCl,. 

Ammonium    

.  ..    18-20              

18-12 

Cadmium 

...    27-91            27-87 

28-22 

Chlorine 

...    53-50 

53.66 

These  results  confirm  von  Hauer's  formulae,  and  the  curious 
fact  must  be  accepted  that  caesium  forms  3  : 1  double  halide^ 
with  cadmium,  while  potassium  and  ammonium  form  salts  of 
the  4 : 1  type. 

The  four  types  of  cadmium  double  halidesnow  known  form 
a  very  simple  and  symmetrical  series,  the  ratios  of  the  alkali- 
metal  to  cadmium  being  4: 1,  3  : 1,  2 : 1  and  1:1.  The  first 
two  of  these  types  do  not  conform  to  Remsen's  so-called  law* 
concerning  the  composition  of  double  halides. 

Preparation  and  General  Properties, — The  compounds  to 
be  described  were  prepared  by  making  warm  solutions  of  the 
component  halides,  and  after  concenti-ating  if  necessary,  cool- 
ing to  crystallization.  Water,  slightly  acidified  with  the  cor- 
responding acid  to  prevent  the  formation  of  basic  compounds, 
was  used  as  the  solvent,  and  in  one  instance,  where  a  solution 
became  syrupy  from  a  large  excess  of  a  cadmium  salt,  alcohol 
was  also  tried,  but  withoi^t  any  advantage.  The  conditions 
were  varied  gradually  in  each  case  all  the  way  from  the  point 
where  the  solution  was  saturated  with  the  caesium  halide  to 
the  point  where  it  was  saturated  with  the  cadmium  halide, 
and  so  many  experiments  were  made  that  we  believe  that  no 
double  salt,  capable  of  existence  at  the  temperatures  used, 
was  overlooked.  It  was  noticed  that  variations  in  the  concen- 
tration of  any  given  solution  had  little  effect  upon  the  identity 
of  the  salt  produced.  In  this  respect  the  cadmium  compounds 
differ  considerably  from  those  of  mercury,  for  with  the  latter, 

*  Am.  Chem.  Jour.,  li,  291. 


Bromides  and  Iodides  of  Caesium  and  Cadmium.      427 

concentration  is  often  an  important  factor  in  deternnning  the 
salt  produced. 

The  three  1:1  compounds  CsOdCI,,  CsCdBr,  and  CsCdl,. 
H,0  and  also  the  2:1  iodide  Cs,Cdl^  are  capable  of  being 
recrystallized  from  water  unchanged.  The  salt  Cs^CdCl^, 
when  dissolved  in  water,  yields  CsCdCI,,  the  two  bromides 
Cs.CdBr.and  Cs^CdBr,  yield  CsCdBr.  while  the  iodide  Cs.CdI. 
gives  CsjCdl^.  These  facts  show  that  the  salts  having  the 
larger  proportions  of  caesium  require  the  presence  of  an  excess 
of  caesium  lialide  for  their  formation.  The  1  : 1  salts  all  crys- 
tallize unchanged  from  extremely  concentrated  solutions  of 
the  corresponding  cadmium  halides. 

All  the  salts  are  colorless.  A  pale  violet  color  noticed  in  a 
few  crops  of  the  bromide  Cs,CdBr^  is  supposed  to  have  been 
due  to  some  unknown  foreign  substance. 

The  solubility  of  the  analogous  salts  in  water  or  in  saline 
solutions  evidently  increases  from  the  chlorides  to  the  iodides. 
The  iodides  consequently  yield  the  largest  crystals  while  the 
chlorides  give  the  smallest. 

Methods  of  Analysis,— Tha  products  were  carefully  exam- 
ined, and  nothing  was  analyzed  that  was  not  homogeneous. 
The  crystals,  which,  in  several  instances,  were  large  and  fine 
and  in  no  case  hygroscopic,  were  freed  from  mother  liquor 
with  great  care  by  pressing  and  crushing  them  on  smooth 
filter-paper.     They  were  then  simply  air-dried  for  analysis. 

Cadmium  was  precipitated  as  sulphide,  this  was  dissolved  in 
hydrochloric  acid  containing  bromine,  and  after  the  free  acid 
had  been  removed  by  evaporation,  the  cadmium  was  precipi- 
tated with  potassium  carbonate  solution  and  cadmium  oxide 
was  weighed  on  a  Gooch  filter.  The  caesium  in  the  filtrate 
from  the  cadmium  sulphide  was  determined  as  normal  sul- 
phate. The  halogens  were  determined  in  separate  portions  by 
the  usual  gravimetric  method. 

In  every  case,  at  least  two  separate  crops  of  a  salt  were 
made  and  analyzed,  so  as  to  avoid  any  chance  of  mistakes  aris- 
ing from  mixtures. 

2:1  Ccesium-Gadmiujn  Chloride^  Cs^CdCl^. — This  salt  is 
produced  as  a  precipitate  when  a  solution  of  cadiniuiu  chloride 
is  added  to  a  concentrated  cjT3siuni  chloride  solution.  The 
precipitate  dissolves  upon  warming  the  liquid,  and  crys- 
tallizes out  in  very  small,  rectangular  plates  when  the  solu- 
tion is  cooled.  Its  formation  was  observed  when  50«^  of 
caesium  chloride  and  3^  of  cadmium  chloride  were  used,  and 
it  continued  to  be  produced  with  the  same  amount  of  caesium 
chloride  until  the  amount  of  cadmium  chloride  had  been 
increased  to  18^,  at  which  point  the  1 :  1  salt  began  to  form. 
The  salt  is  very  sparingly  soluble  in  caesium  chloride  solutions 
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and  it  is'  probably  due  to  this  fact  that  no  chloride  of  the  3  : 1 
type  could  be  obtained. 

Three  separate  crops  gave  the  following  results  on  analysis  : 

Calculated  for 
Found.  CSgCdCU. 

CaBsiura 5155       51*26       51-51  51-35 

Cadmium 21*45       21-60        ....  21-62 

Chlorine 27-03       27-14       26-90  27*03 


100-03        99-90  100-00 

1:1  CdBsium-Cadmium  Chloride^  CsCdCl^,  —  This  was  ob- 
tained only  as  a  white  crystalline  powder.  It  is  formed  under 
a  very  wide  range  of  conditions,  being  produced  by  the  re- 
crystallization  of  the  preceding  salt,  and  continuing  to  appear 
until  the  solution  is  saturated  with  cadmium  chloride.  It  is 
very  diflScultly  soluble,  especially  in  concentrated  cadmium 
chloride  solutions,  and  it  can  be  recrystallized  unaltered  from 
water.  Two  samples,  obtained  under  widely  different  condi- 
tions, were  analyzed. 

Found.  Calculated  for  CsCdCl,. 

Cffisiura 3811  37-60  37-84 

Cadmium 31-80  31-97  31-86 

Chlorine 30-17  3025  30-30 

100-08  99-82  100-00 

3:1  Ccesium- Cadmium  Bromide^  Cs^CdBr^.  —  This  com- 
pound was  obtained  in  the  form  of  rectangular  plates,  some- 
times as  much  as  10°™  in  diameter.  It  can  be  made  from  a 
solution  of  80^  of  caesium  bromide  and  4-6*f  of  cadmium 
bromide  in  sufficient  water  to  make  a  volume  of  120*^^  On 
recrystallization  it  gives  CsCdBr,. 

Two  separate  samples  were  analyzed. 

Found.  Calculated  for  Cs.CdBrj. 

Caesium 44-25  44-27  43-80 

Cadmium 1188  1229 

Bromine 43*79  4377  43-91 

99-92  100-00 

2:1  CcBsmm- Cadmium  Bromide^  Cs^CdBr^, — This  was  ob- 
tained in  the  form  of  slender  needles,  usually  colorless,  but 
sometimes  possessing  a  pale  violet  color  for  some  unknown 
reason.  A  solution  120*^°  in  volume,  containing  3^  of  cadmium 
bromide  and  52^  of  caesium  bromide  gave  this  salt.  When 
recrystallized  from  water,  it  gives,  like  the  preceding  salt,  the 
compound  CsCdBr,. 
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The  following  analyses  of  separate  crops  were  made.     No. 
IV  was  a  simple  of  the  pale  violet  variety. 


C8._.. 

Cd  .... 
Br  .... 

I. 

40-46 

14-55 

45-12 

Found. 

II.            III. 

40-53       

14-62      14-68 
44-97     45-04 

40-46 
14-78 
45-04 

Calculated  for 
CsjCdBr^. 

38-11 
16-05 
45-84 

100-13 

100-12 

100-28 

100-00 

Although  the  analyses  agree  well  among  themselves,  it  is 
noticeable  that  they  vary  considerably  from  the  calculated  com- 
position. This  disagreement  is  probably  due  to  contamination 
with  cfiBsium  chloride,  resulting  from  the  large  surface  exposed 
by  the  slender  crystals  and  the  concentration  of  the  mother- 
liquor.  Moreover,  analogy  with  the  chloride  and  iodide  makes 
the  simple  formula  C8,CdBr^  far  more  probable  than  thd  com- 
plicated formula  Cs,Cd,Br„  with  which  the  analyses  corre- 
spond. 

1:1  Cmsium- Cadmium  Bromide,  CsCdBr^, — The  condi- 
tions under  which  this  compound  is  formed  are  very  wide  in 
range,  for  it  is  produced  by  recrystallizing  Cs.CdBr^  and  it 
continues  to  appear  as  cadmium  bromide  is  added  until  the 
solution  is  saturated  with  this  very  soluble  salt. 

The  compound  is  evidently  dimorphous.  One  form  occurs 
as  a  crystalline  precipitate,  apparently  isometric  in  form,  under 
narrow  limits  of  conditions  when  cjesiura  bromide  is  in  excess, 
being  produced  when  Cs.CdBr^  is  recrystallized  from  water. 
The  other  form  occurs  in  well  crystallized  prisms,  and  is 
obtained  when  Cs,CdBr^  is  recrystallized  and  when  cadmium 
bromide  is  in  excess  of  this  proportion.  It  is  interesting  to 
notice  that  we  have  described  a  caesium-lead  bromide^  of  this 
type,  CsPbBr,,  which  is  dimorphous,  and  that  one  of  us  has 
described  the  dimorphous  mercuric  compoundsjf  CsHgCl,  and 
CsHgBr,,  which  also  belong  to  the  same  type. 

Below  are  the  analyses  of  four  separate  samples.  Number 
IV  is  the  granular,  isometric  salt,  the  others  represent  the 
prismatic  compound. 


Cs... 
Cd  .. 
Br  .. 

I. 

27-67 

22-97 

.    ...   49-49 

Foui 
II. 

27-48 
23-08 
49-42 

Dd. 
III. 

22-87 
49-33 

IV. 
27-95 
22-92 
49-30 

Calculated  for 
CsCdBr,. 

27-42 
2309 
49-49 

100-13 

99-98 

100-17 

100-00 

♦This  Journal,  xlv,  128.  \  Ibid.,  xliv,  225  and  228. 
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3:1  Ccmum-Cadmiura  Iodide^  Cs^Cdl^. — This  salt  crystal- 
lizes beautifully  in  large,  stont,  twinned  prisms  which  show  a 
variety  of  habits.  Some  of  the  crystals  obtained  were  as 
much  as  SCT"  in  diameter.  Its  formation  was  observed  when 
182*^  of  cfiesium  iodide  and  6  5*^  of  cadmium  iodide  were  dis- 
solved in  sufficient  water  to  make  a  volume  of  200**. 

Four  crops  gave  the  following  results  on  analysis : 

Found.  Calculated  for  Cs^Cdl^. 

Cs 34-85      34-89     34-78       34-82 

Cd 9-78       9*79       9*84       9-55  977 

1 55-23     55-35     5532     5536  5541 


99*86  100  03     99-94  lOO'OO 

^:1  Ccesium-Cadmium  Iodide,  Cs^Cdl^,  —  This,  like  the 
corresponding  mercuric  salt,  crystallizes  in  nearly  square  plates, 
in  prisms  and  in  intermediate  forms.  Some  of  the  plates  ob- 
tained were  60  or  75™™  in  diameter.  It  can  be  prepared  by 
recrystallizing  CsjCdl^  from  water,  and  as  the  proportion  of 
cadmium  iodide  is  increased,  it  continues  to  form  until  the 
ratio  of  cadmium  to  caesium  has  almost  reached  1 : 1.  The 
range  of  its  formation  is,  therefore,  much  greater  than  that  of 
the  corresponding  chloride  and  bromide,  and  it  also  diflPers 
from  these  in  being  recrystallizable  from  water.  Three  dif- 
ferent samples  were  analyzed. 

Found.  Calculated  for  Cs^Cdl^. 

Cffisium 29-85       30*29       30-23  30*03 

Cadmium 12*56       12-53       12*46  1264 

Iodine 57*27       57*42  57*33 


100*09     100*11  100*00 

1 :  1  Ccesium- Cadmium  Iodide^  CsCdl^.Hfi, — This  salt 
forms  thin  plates,  often  20  to  80°*"  in  diameter.  It  is  the  only 
hydrous  caesium-cadmium  lialide  that  we  have  obtained,  and  it 
is  stable  when  exposed  to  the  air  at  ordinary  temperatures. 

It  was  considered  doubtful  whether  the  corresponding 
caesium  mercuric  iodide*  contained  a  molecule  of  feebly  com- 
bined water  or  not,  but  since  both  the  cadmium  and  mercuric 
salts  crystallize  in  thin  plates,  it  is  now  believed,  from  analogy, 
that  the  mercuric  compound  was  really  hydrous. 

The  compound  under  consideration  is  formed  under  wide 
limits  of  conditions  when  the  cadmium  present  is  atomically 
equivalent  to  or  in  excess  of  the  caesium.  It  can  be  recrystal- 
lized  from  water.  The  samples  analyzed  were  prepared  under 
widely  varying  conditions. 

*  This  Journal,  xliv,  230. 
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Found.  Calculated  for  CsCdl,  .  H,0. 

CsBsium 20-89       20-75  20-66 

Cadmium 17-13       17-43  17*89  17-39 

Iodine 59-21       59-18       59-16 

Water -2-88         2-80       2-76  279 


100-11  100-16  100-00 


Sheffield  Scientific  School, 
New  Haven,  Conn.,  August,  1893. 


Art.  LYIII. — On  the  Double  Chlorides^  Bromides  and  Iodides 
of  Cwsiunh  and  Zinc^  and  of  CcBsium  and  Magnesium  ^ 
by  H.  L.  Wells  and  G.  F.  Campbell. 

The  csBsium-mercuric  and  the  caesium-cadmium  halides  have 
already  been  studied  in  this  laboratory,  and  it  has  seemed  de- 
sirable to  extend  the  investigation  to  the  zinc  and  magnesium 
compounds,  thus  completing  the  study  of  the  cassium  double 
halides  of  this  family  of  bivalent  metals  as  far  as  the  chlorides, 
bromides  and  iodides  are  concerned. 

We  have  obtained  the  following  salts  : 


3 :  1  Type. 

Cs.ZnCl, 
Cs.ZnBr, 
C83ZnI, 

2 :  1  Type. 

Cs^ZnCl, 
Cs^ZnBr, 
Cs^Znl^ 

1 :  1  Typ. 

? 

? 

? 

CsMgCI, . 
CsMgBr, . 

B. 

6H0 

.6H0 

A  systematic  and  thorough  search  has  been  made  in  all  cases, 
and  it  is  remarkable  that  while  mercury  gave  six  types  of 
caesium  double  salts  and  cadmium  gave  three,  only  two  could 
be  obtained  with  zinc  and  one  with  magnesium.  It  is  evident 
that  the  variety  of  these  double  salts  increases  with  the  atomic 
weight  of  the  bivalent  metal.  The  existence  of  zinc  salts  of 
the  1  : 1  type  is  suspected,  but  the  suspected  products  were 
obtained  only  in  extremely  concentrated  zinc  halide  solutions 
of  such  a  syrupy  nature  that  no  satisfactory  analyses  of  them 
could  be  made. 

The  previously  described  double  halides  of  zinc  and  mag- 
nesium with  the  alkali-metals,  as  far  as  we  have  been  able  to 
find  them,  are  given  below : 
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3;  1  Type.  2  :  1  Type.  1 :  1  Type. 

(NHJ,ZnCl,         (NHJ.ZnCr  NH  Z„CL .  2H.O 

(NH),ZnCl,.n,0  KZiiL 

Na,ZiiCI, .  3H,0  NaZnl, .  liH,0 

KZnCI,  .  NaZiiF, 

(NIlJ^ZiiBr,  KZnF, 


(NH  ),ZnT  NH.MgCI, .  6H  O 

Na,ZnI,.  3H,0  NaMgCI,.  H,0 

K,ZnI,  KMgCl,.6H,0 

KZnF,  RbMgGI..6H  O 

(N  H  J.ZnF, .  2H,0      NH^MgBr, .  6H,0 

KMgBr, .  6H,0 
NH,Mgl3.6H,0 
KMgl..6H,0 
NaMgF, 


There  is  but  a  single  3 : 1  salt,  corresponding  to  our  new 
caesium  compounds  of  that  type.  This  was  described  by 
Marignac.  A  few  1  :  1  zinc  salts  have  been  described,  hence  it 
is  remarkable  that  C8e§ium  zinc  salts  of  this  type  could  not  be 
obtained  in  a  pure  condition,  for  previous  experience  in  this 
laboratory  has  shown  that  caesium  usually  forms  less  soluble 
and  more  stable  double  halides  than  the  other  alkali-metals. 
All  the  previously  described  magnesium  salts  belong  to  the 
1 : 1  type*  to  which  our  caesium  salts  belong,  and  like  the  latter 
nearly  all  have  six  molecules  of  water. 

The  caesium-magnesium  bromide  is  formed  under  narrower 
limits  of  conditions  than  the  chloride,  while  no  iodide  could 
be  prepared,  for  caesium  iodide  crystallized  unchanged  from 
syrupy  solutions  of  magnesium  iodide.  This  behavior  was 
quite  unexpected  in  view  of  the  fact  that  the  ammonium  and 
potassium  double  iodides  are  known,  and  we  have  here  another 
instance  where  caesium,  in  spite  of  its  usual  tendency  to  form 
double  salts,  is  inferior  in  this  respect  to  other  alkali-metals. 
The  idea  suggests  itself  that  great  differences  between  the 
atomic  weights  of  the  alkali-metal  and  the  less  positive  metal 
are  unfavorable  for  the  formation  of  double  salts,  but  more 
facts  will  be  necessary  in  order  to  establish  such  a  rule. 

The  caesium-magnesium  salts  show  an  increase  in  ease  of 
formation  from  the  iodide  to  the  chloride.  Such  a  gradation, 
both  in  variety  of  salts  and  ease  of  preparation,  is  evident  in 
a  number  of  series  of  double  halides  which  have  been  studied 
in  this  laboratory,  and  the  well  known  tendency  of  fluorides 
to  form  double  salts  indicates  that  the  gradation  probably  ex- 
tends to  these  compounds. 

*Lercb  has  shown  (J.  Pr.  Ch..  11,  xxviii,  338)  that  the  salts  2KBr.MgBr,. 
6HaO  and  2N  H^Br  .  MgBra   6HaO  of  Lowig  do  not  exist. 
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3:1  Cceaium-Zinc  Chloride^  Bromide  and  Iodide^  Cs^ZnCl^^ 
C8^ZnB)\  and  Ca^Znl^. — Each  of  these  salts  crystallizes  in 
colorless  prisms,  apparently  monoclinic  in  form.  They  are 
produced  by  making  aqueous  solutions  of  the  constituents  in 
the  calculated  proportions,  but  in  the  case  of  the  iodide,  with 
these  proportions  the  2  : 1  salt  may  form  if  the  solution  is  too 
dilute.  The  salts  under  consideration  continue  to  form  as  the 
relative  amounts  of  csesium  halides  are  increased  until  the 
latter  crystallize  upon  them.  This  indicates  that  no  double 
salts  with  a  higher  proportion  of  caesium  exist.  The  iodide 
forms  under  rather  wider  limits  of  conditions  than  the  other 
two  salts  and  it  usually  forms  larger  crystals.  All  the  salts 
require  concentrated  csBsium  halide  solutions  for  their  prepara- 
tion, and  the  chloride  especially  is  diflScult  to  obtain  in  suflBi- 
cient  quantity  for  analysis  unless  as  much  as  one  or  two  hun- 
dred grams  of  the  csesium  halide  is  used.  The  following 
analyses  were  made,  all  of  which  represent  separate  crops. 

Calculated  for 
'   Found.  CSjZnClg. 

Caesium 62-46  62-20 

Zinc 10-08  9-80  10-13 

Chlorine 27-43  27-34  27*67 

Calculated  for 
Found.  CsjZnBrj, 

Caesium 47-12         46-18 

Zinc   732         7-54         7-87  7-52 

Bromine 45-91        4654      45-85  46*30 

Calculated  for 
Found.  CsjZnlg. 

Caesium 36-54       36*20      36-08  36-30 

Zinc 5-77         5-95         5*74  5*92 

Iodine 56*89       57-16        57*7b 

2:1  CcBsiiim-Zinc  Chloride,  Bromide  and  Iodide,  Cs^ZnCl^^ 
Cs^ZnBr^  and  Cs^Znl^. — These  salts  form  colorless  plates,  de- 
creasing in  size  from  the  iodide  to  the  chloride.  They  are  all 
readily  produced  when  larger  proportions  of  the  zinc  halides 
are  used  than  are  necessary  for  the  3  :  1  compounds  and  they 
recrystallize  from  water  unchanged.  They  continue  to  form, 
through  a  wide  range  of  conditions,  as  more  of  the  zinc 
halides  are  added  until  the  solutions  become  syrupy.  In 
extremely  syrupy  solutions  crystals  of  a  different  appearance 
were  noticed,  but  on  account  of  the  nature  of  these  solutions, 
no  satisfactory  analyses  of  these  products  could  be  made.  It 
seems  probable  that  they  were  1 : 1  salts,  analogous  to  the  cad- 
mium salts  of  that  type. 

The  following  analyses  of  separate  crops  were  made : 
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Calculated  for 
Found.  Cs,ZnCl4. 

Caesium 56-97  66*09  56-26 

Zinc    13-49  13-87  13-72 

Chlorine 29-89  29-97  30-02 

Calculated  for 
Found.  CSgZnBr^. 

Caesium 40-68  4n-86 

Zinc 9-53  972  9*98 

Bromine 4930  49-17  49*16 

Calculated  for 
Found.  C8,Znl4. 

Caesium 31-49  31-55  3170 

Zinc 7-61  7-82  7*75 

Iodine 60-43  60-55 

CcBsium-Magnesium  Chloride  and  Bromide,  CsMgCl^ .  ^H^O 
and  CsMgBr^,  611  fi, — These  salts  form  colorless,  rectangular 
plates  or  flat  prisms  which  are  often  striated.  A  thorough 
search  gave  no  indications  of  salts  of  other  types.  The  chlo- 
ride is  formed  under  a  wide  range  of  conditions,  the  bromide 
under  a  much  narrower  range  while  no  double  iodide  at  all 
could  be  prepared. 

The  following  analyses  were  made  of  separate  products : 

Calculated  for 
Found.  CsMgClg .  6HgO. 

Cs 37-14       35-66       3577 

Mg 6-80       6-83  6-53 

CI 29-84  30-13     29-70     29-65  28  65 

H.O 30-93       2905 

Calculated  for 
Found.  CsMgBrg  .  6HjO. 

Cs 27-23  27-67  26*32 

Mg 4-96  4-50  507  4*81 

Br 48-93  48-65  47-51 

H,0 18-32            22-33  21'37 

It  should  be  mentioned  that  Dr.  H.  L.  Wheeler  of  this 
laboratory  has  attempted  to  prepare  a  double  chloride  of 
caesium  and  beryllium.  He  found  that  the  simple  salts 
crystallized  side  by  side  from  suflSciently  concentrated  solu- 
tions, and  there  were  no  indications  of  the  existence  of  any 
double  salt,  even  at  rather  low  temperatures.  It  is  therefore 
evident  that  beryllium  follows  the  rule,  already  indicated,  that 
in  this  family  of  bivalent  elements,  Be,  Mg,  Zn,  Cd,  Hg,  the 
tendency  to  form  double  halogen  salts  increases  with  their 
atomic  weights. 

SlieflBeld  Scientific  School, 
New  Haven,  Conn.,  August,  1893. 
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Art.  LIX. — New  fossil  localities  in  the  early  Paleozoics  of 
Pennsylvania^  New  Jersey  and  Vermont,  with  remarks  on 
the  close  sim^ilarity  of  the  lithologic  features  of  these  Paleo- 
zoics ;  by  Aug.  R  Foerste. 

[Published  by  permission  of  G.  K.  Gilbert,  Chief  Geologist  U.  S.  Geological 

Survey.] 

The  general  distribution  and  succession  of  the  paleozoic 
rocks  of  New  Jersey,  east  of  the  Kittatinny  Mountains  and 
west  of  the  Green  Pond  Mountain  ranges  and  of  the  more 
southern  part  of  the  Triassic  area,  were  clearly  understood  by 
the  former  State  geologist  George  H.  Cook  and  his  assistants, 
at  an  early  date.  The  folding  to  which  this  territory  had  been 
subjected  was  too  simple,  structurally,  not  to  be  easily  unrav- 
elled. Immediately  below  a  great  conglomerate  series  ou  the 
eastern  side  of  the  Kittatinny  Mountaiut^,  now  known  as  the 
Oneida  conglomerate,  lay  a  great  uiass  of  sandy  shales,  or  slates, 
constituting  the  Hudson  River  shale  horizon.  Below  this  was 
a  great  thickness  of  limestones,  generally  whitish  in  color, 
from  which  fossils  were  known  at  an  horizon,  lithologically 
somewhat  distinct.  This  horizon  consisted  of  a  bluish,  at 
times  dark  blue  limestone,  at  the  very  top  of  the  limestone 
group,  just  underneath  the  shales,  and  almost  always  contained 
fossils.  To  find  fossils  at  this  horizon  it  is  only  necessary  to 
follow  the  trend  of  the  formation  and  to  keep  a  sharp  look- 
out. The  fossils  arci  often  small,  but  were  early  identified  as 
Trenton.  The  white,  often  magnesian,  limestones  beneath, 
composing  almost  all  of  the  limestone  series  were  clearly  sepa- 
rable from  the  Trenton  horizon,  as  a  Magnesian  series.  No 
fossils  were  found  and  so  their  age  was  properly  left  a  little  in- 
definite, except  as  regards  their  pre-Trenton  character.  Beneath 
the  limestones,  a  sandstone  belt  of  moderate  thickness  was 
known  to  be  almost  universally  present.  As  sandstones  at  the 
base  of  the  paleozoic  series  were  then  understood,  it  was  possi- 
ble to  interpret  this  basal  sandstone  only  as  Potsdam,  a  litho- 
logical  interpretation,  which  since  has  lost  its  value.  Beneath 
this   sandstone   occurred   crystalline   rocks,    white   limestone, 

fneisses,  massive  granites,  and  dykes,  but  except  in  northern 
ussex  county,  no  igneous  rocks  were  known  to  penetrate  the 
paleozoic  series,  and  even  there  such  penetration  was  limited 
to  certain  dike  rocks,  with  limited  contact  metamorphism. 
These  rocks  were  called  Archaean.  Some  who  are  at  present 
working  in  this  field  suspect  that  a  part  of  these  rocks  will 
have  to  be  eventually  classed  as  Algonkian  but  that  is  a  new 
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discrimination,  and  was  one  not  to  be  expected  of  the  older 
survey. 

The  work  of  the  older  New  Jersey  survey  will  therefore 
practically  stand.  It  is  a  matter  of  regret  that  on  the  later 
published  geological  maps,  the  Trenton  horizon  and  the  so- 
called  Potsdam  were  not  designated  by  separate  colors.  Bat 
the  survey  was  eminently  an  economical  one,  and  these  horizons 
representing  narrow  outcrops  of  no  practical  value,  and  being 
universally  present,  where  surface  deposits  did  not  obscure 
the  geology,  and  their  outcrops  being  parallel  to  the  upper 
and  lower  limits  of  the  limestone  series,  they  offered  no  induce- 
ment to  separate  mapping  on  a  map  with  the  small  scale  of  five 
miles  to  the  inch  ;  moreover  the  expense  of  printing  would 
have  been  greatly  increased.  The  more  recent  discoveries  in 
this  region  are  therefore  not  so  radically  new  as  at  first  sight 
might  appear  to  be  the  case,  but  they  are  important  from  the 
point  of  view  of  paleontologic  stratigraphy.  They  did  not 
change  the  stratigraphy  but  they  affected  the  terminology  of 
the  lower  of  the  beds  here  considered. 

While  Mr.  Nason  was  studying  the  White  Limestone  region 
of  Sussex  County,  New  Jersey,  he  had  the  assistance  of  Dr. 
C.  E.  Beecher  in  the  paleontological  part  of  the  work.  Dr. 
Beecher  found  trilobites — Olenellus — in  the  sandstone  at  Har- 
distonville  (with  Scolithus)  (5)  and  also  in  the  sandstone  about 
a  mile  south  of  here  at  a  point  near  locality  7  on  the  accom- 
panying map,  and  Mr.  Nascn  himself,  found  a  fragment  of  a 
trilobite,  presumably  Olenellus,  near  Franklin  Furnace,  but  in 
his  section  XIV  the  exact  locality  is  not  indicated.  Dr. 
Beecher  also  found  a  species  of  Obolella  in  what  are  very 
probably  the  lower  parts  of  the  Magnesian  limestone  series  in 
the  old  furnace  quarry  north  of  the  western  half  of  Franklin 
Furnace  Pond;  and  fossils  were  also  found  by  him  in  "the 
unchanged  blue  limestone  "  (Nason)  stratigraphically  above  the 
Olenellus  sandstone  at  Hardistonville.* 

As  a  result  of  these  observations  the  basal  part  of  the  Mag- 
nesian limestones  (and  also  the  white  limestone  according  to 
Mr.  Nason's  views  of  correlation)  and  the  sandstone  here 
formerly  called  Potsdam  were  ascribed  to  the  Olenellus 
horizon. 

Mr.  Nason  was  especiall}^  engaged  in  the  study  of  the  white 
limestones.  Consequently  he  did  not  follow  up  the  outcrops 
of  the  Olenellus  sandstone  very  closely,  as  is  indicated  by 
various  omissions  within  the  range  of  his  published  map,  and 
by  the  outlining  of  various  sandstone  outcrops.     He  did  not 

♦Ann.  Rep.  of  State  Geol.  of  New  Jersey,  1890 — The  Post- Archaean  Age  of 
the  White  Limestones  of  Sussex  County,  N.  J.,  by  Frank  L,  Nason,  pp.  31,  43, 
65.  46,  49,  sections  X,  XIII,  XIV. 
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work  his  way  far  enough  out  of  the  metamorphic  white  lime- 
stone region  to  see  that  his  discoveries  necessitated  the  relega- 
tion of  all  the  so-called  Potsdam  sandstones  and  basal  Mag- 
nesian  limestones  and  these  alone  to  the  Olenellus  horizon. 
This  is  shown  by  his  final  conclusions  that  a  careful  search  for 
fossils  must  be  made  "in  the  whole  belt,  or  rather  belts  of 
limestones,  sandstones,  slates,  and  shales  hitherto  called  and 
regarded  as  Potsdam,  Trenton^  and  Hudson  ^iv^r "  (italics 
not  in  the  original.     See  pages  49,  50  of  the  Keport.) 

When  the  writer  was  called  into  New  Jersey  by  the  needs 
of  the  survey  of  the  Archaean  Highlands  under  the  more 
immediate  charge  of  Prof.  J.  E.  Wolflf  and  his  assistant,  Mr. 
K.  S.  Tarr,  his  first  duty  was  to  trace  the  Cambrian  sufficiently 
out  of  the  metamorphic  area  to  determine  what  was  Pre-Cam- 
brian  and  the  second  was  to  investigate  the  doubts  recently 
thrown  upon  the  previous  determinations  of  Trenton  and 
Hudson  River  strata. 

The  last  was  quickly  solved  by  an  irregular  section  from 
the  Archaean  at  Andover  to  the  Oneida  conglomerate  of  the 
Kittatinny  Mountain  range  at  Culver's  Gap.  The  thin  blue 
limestone  overlying  the  Magnesian  limestones  and  underlying 
the  Hudson  River  was  found  to  everywhere  contain  fossils, 
such  as  are  found  in  Trenton  rocks.  In  the  thin  blue  lime- 
stones of  this  section  fossils  were  for  instance  found  on  the 
eastern  side  of  the  road  running  north  about  half  a  mile  west 
of  Long  Pond,  and  some  distance  north  of  an  old  slate  quarry, 
on  the  eastern  side  of  a  synclinal  (54).  Also  on  the  western 
side  of  this  synclinal,  directly  west  of  a  strong  bend  in  the 
road  almost  half  a  mile  north  of  Stickle  Pond  (55).  Again 
on  the  eastern  side  of  the  next  synclinal,  three-eighths  of  a 
mile  directly  south  of  the  great  slate  quarries  a  short  distance 
southwest  of  Newton  (56).  This  exposure  is  in  a  field,  on  the 
eastern  slope  of  the  hills.  Also  on  the  western  side  of  this  second 
synclinal,  along  the  New  York,  Susquehanna  &  Western  rail- 
road track  a  short  distance  south  of  Augusta,  at  a  curve  in  the 
railroad.  Finally,  half  a  mile  east-northeast  of  Branchville, 
where  this  limestone  finally  disappears  under  the  Hudson 
River,  so  as  not  to  appear  again  in  western  New  Jersey. 

Parts  of  the  first  task  were  equally  easy  owing  to  the  sim- 
plicity of  the  strike  and  dip  of  the  Olenellus  sandstone  which 
varies  too  little  from  outcrop  to  outcrop  to  make  it  difficult  to 
trace  the  formation.  Moreover  in  most  of  the  outcrops  in  the 
fairly  continuous  line  of  exposures  between  Hardistonville 
(5)  and  the  locality  two  miles  southwest  of  Franklin  Furnace 
(15),  fossils  are  very  abundant  in  certain  layers  of  the  sand- 
stone, so  that  they  are  very  readily  found.  Their  locations  are 
sufficiently  indicated  in  the  accompanying  map.     Fossils  are 
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a^in  found  at  various  points  along  the  line  of  outcrops  extend- 
ing from  the  road  corner  south  of  Sparta  Junction  (29)  to  a 
point  about  half  way  between  Andover  and  Tranquility 
(45).  These  exposures  are  also  sufficiently  well  located  on  the 
accompanying  map.  But  along  this  second  line,  fossils,  ex- 
cept Scolithus,  are  rare,  and  the  decisive  locality  is  the  one 
carrying  Olenellus  and  other  fossils  at  the  strong  bend  in  the 
road  southeast  of  IliflE's  Pond,  as  the  pond  northeast  of  Long 
Pond  is  called  (35).  At  the  various  localities  examined 
Olenellus  was  found  at  5,  6,  7,  8,  9,  11,  12,  14,  16,  and  35.  A 
trilobitic  fragment  resembling  Ptychoparia  was  found  at  43. 
Species  of  Hyolithes  were  also  seen,  one  resembling  H, 
America7i7iSj  at  11,  and  another  resembling  II,  coimnunisj  at 
14.  Various  forms  of.  the  burrowed  tubes  known  as  Scolithus 
were  very  common  at  many  localities ;  they  were  found  at  5, 
8,  9,  11,  14,  15,  22  (rare),  30,  35  on  the  hillside  between  35 
and  36,  51,  and  in  the  reddish  siliceous  limestones,  weathering 
at  times  to  shale,  and  in  the  intercalated  sandstones  at  48,  49, 
and  50. 

Any  one  at  all  closely  observant  will  notice  at  once  that 
even  in  this  limited  area  the  Scolithus  burrows  were  not  all 
made  by  the  same  species  of  animal.  In  the  fine  grained 
siliceous  limestones  near  Wright's  Pond,  48,  49,  50,  the  bur- 
rows are  narrower,  usually  2"'"^  in  diameter  or  less,  and  closer 
together  and  reach  a  length  of  60""'",  or  more,  and  they  are 
nearly  straight  and  vertical  to  the  bedding.  This  form  is  also 
found  in  rocks  of  similar  lithological  character  in  some  of  the 
exposures  between  Andover  and  Hardistonville.  It  was  evi- 
dently a  somewhat  more  gregarious  species  than  the  ordinary 
form,  and  prefer'^ed  muddy  bottoms  while  the  ordinary  form 
chose  a  sandy  habitus.  A  second  form  resembles  the  ordinary 
type  in  choosing  a  sandy  bottom.  It  had  perhaps  slightly 
larger  burrows,  about  8'"™  in  diameter,  or  at  times  a  little 
larger.  Its  chief  distinction  lies  however  in  its  burrowing 
habit,  which  was  not  distinctly  vertical  but  the  burrows  are 
irregular  in  direction,  as  though  the  animal  after  having  entered 
the  sandy  bottom,  extended  its  burrows  in  a  more  or  less 
irregularly  horizontal  direction.  It  may  represent  a  totally 
different  class  of  animals  from  those  of  the  vertically  burrow- 
ing forms.  It  has  been  seen  only  at  51,  near  Lockwood,  but 
there  it  is  abundant. 

Lithologically  the  Olenellus  Cambrian  sandstone  can  be 
traced  into  eastern  Pennsylvania,  its  limited  thickness  and 
constant  characters  throughout  this  extent  with  the  knowledge 
that  the  base  of  the  Magnesian  limestone  series  in  New 
Jersey  at  least  is  Cambrian,  making  it  probable  that  all 
hitherto  called   Potsdam  in  eastern   Pennsylvania  is  now  to 
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be  classed  as  Olenellus  Cambrian  until  fossils  are  found  which 
will  shed  further  light  on  the  subject.  That  the  lower  paleo- 
zoic section  of  northern  New  Jersey  is  still  preserved  in  all  its 
features  in  eastern  Pennsylvania  is  readily  seen  along  the  mag- 
nificent sections  offered  by  the  Lehigh  between  the  Kittatinny 
range  and  Bethlehem.  Un(ierlying  the  Oneida  conglomerate 
of  Kittatinnv  Mountain,  are  the  shales  and  slates  of  the 
Hudson  Eiver  series.  The  top  of  the  underlying  great  lime- 
stone series  is  again  an  especially  constant  f  ossiliferous  horizon 
of  Trenton  age.  As  in  the  Vermont  localities  to  be  described 
later,  these  Trenton  fossils  occur  not  only  at  the  top  of  the 
limestone  series,  but  also  in  thin  beds  of  limestone  intercalated 
in  the  base  of  the  shales  referred  to  as  Hudson  River.  Such 
intercalated  limestones  containing  Trinucleus  and  other  fossils 
may  be  seen  toward  the  base  of  the  shales  on  the  road  leading 
diagonally  from  North  White  Hall  P.  O.  on  the  railroad, 
southward  up  hill  above  the  cement  works  along  the  track,  2^^ 
miles  north  of  Hockeudauqua.  Below  the  limestone  series 
the  basal  Cambrian  sandstone  occurs  again,  of  moderate  thick- 
ness, bavins:  here  however  the  character  of  a  quartzite,  there 
being  no  disintegration,  as  in  most  of  the  New  Jersey  expo- 
sures. The  base  of  the  sandstone  is  distinctly  conglomeratic, 
and  rests  unconformably  upon  Archaean  gneisses,  but  with  a 
less  marked  angle  of  discordance  than  in  the  northern  New 
Jersey  exposures.  Some  of  the  lower  beds  of  sandstone  are 
tinged  with  purple,  and  in  these  it  is  not  uncommon  to  find 
large  coarse  tubes,  burrowed  vertically  into  the  sand,  varying 
from  10  to  20™™  in  thickness  and  from  70  to  150™  in  length, 
usually  filled  up  with  a  lighter  colored  sand  than  the  rock  in 
which  they  are  found,  being  evidently  the  same  kind  of  sand 
as  that  forming  the  next  higher  layer,  in  each  case.  The  wash 
of  the  sea  seems  to  have  partly  broken  down  the  top  margin 
of  the  tubes  before  the  filling  with  sand  was  completed,  the 
result  is  a  tube  of  the  appearance  of  Monocraterion  Lesleyi 
Prime,  found  in  the  basal  members  of  the  limestone  series,  a 
quarter  of  a  mile  northwest  of  Helfrich's  Spring  and  again  in 
limestone  three  quarters  of  a  mile  northwest  of  Durham  iron 
works.  Although  this  is  a  tempting  opportunity  to  conclude 
that  these  tube  casts  indicate  the  Cambrian  character  of  the 
basal  portions  of  the  limestone  series,  a  fact  already  known  for 
New  Jersey  and  Vermont,  it  must  be  admitted  that  worm 
burrows  are  hardly  to  be  given  the  value  of  determinative 
fossils. 

While  the  New  Jersey  Survey  has  always  acknowledged  the 
Green  Pond  Mountain  series  as  a  ter7'a  incognita  or  at  least  a 
region  of  many  unsettled  questions,  as  is  evidenced  among 
other  things  by  the  coloring  it  was  obliged  to  employ  in  its 
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geological  maps,  it  had  nevertheless  in  later  years  laid  the  basis 
lor  its  solution.  East  of  Newfoundland  in  the  back  lots  of 
some  of  the  last  houses,  on  the  southeast  side  of  the  hill, 
fairly  good  and  abundant  Oriskany  fossils  had  been  found  in 
situ,  A  mile  and  a  half  south  of  Newfoundland,  where  the 
road  crosses  the  stream,  the  valley  contains  at  various  places 
large  bowlders  with  Helderberg  fossils,  suggesting  that  the 
northeast,  southwest  valley  here  was  filled  in  part  by  this  series. 
Since  the  rocks  all  dip  west  the  coarse  conglomerates  forming 
the  eastern  side  of  Copperas  and  Kanouse  Mountains  must 
be  Oneida,  the  red  sandstone  above  the  same  the  Medina, 
the  underlying  limestone,  the  Magnesian  limestone,  and 
the  basal  sandstone,  Cambrian,  but  instead  of  the  term 
Potsdam,  it  is  necessary  now,  until  further  development  to 
call  it  Olenellus  Cambrian.  It  is  a  quartzitic  sandstone,  from 
10  to  15  feet  thick  and  so  far  has  not  furnished  fossils.  The 
unconformity  indicated  by  the  absence  of  the  Hudson  River 
shales  east  of  Kanouse  Mountain,  and  its  increased  emphasis 
southwards,  by  the  additional  absence  of  the  Magnesian  lime- 
stones and  the  Olenellus  Cambrian  sandstone,  are  facts  already 
appreciated  at  the  time  of  the  publication  of  the  Final  Report 
of  1868.  That  part  of  the  lower  paleozoic  section  which  is 
exposed  here,  agrees  with  what  has  been  found  farther  west, 
in  the  area  between  the  Archaean  areas  and  the  Kittatinny 
Mountains. 

With  these  sections  as  exhibited  in  New  Jersey  and  eastern 
Pennsylvania,  the  Vermont  lower  paleozoic  rocks  show  a  strik- 
ing similarity.  That  the  sandstones  along  the  western  flanks 
of  the  Grreen  Mountain  area  were  Olenellus  Cambrian  was 
made  sufficiently  evident  by  the  work  of  Mr.  C.  D.  Walcott 
(The  Taconic  System  of  Emmons,  and  the  use  of  the  name 
Taconic  in  geologic  literature.)  The  Stockbridge  limestone  of 
"Vermont  corresponds  to  the  Magnesian  limestone  of  New 
Jersey.  At  its  top  there  is  again  a  thin  blue  or  dark  blue 
limestone  bed,  occasionally  recurring,  as  in  Pennsylvania,  as 
thin  beds  intercalated  in  the  basal  portions  of  the  overlying 
shales,  and  containing  a  Trenton  fauna.  As  in  New  Jersey, 
localities  for  fossils  can  be  multiplied  in  this  horizon  almost 
ad  libitum.  Localities  discovered  by  the  writer  are  mentioned 
in  the  publication  of  Prof.  J.  E.  Wolff  (On  the  Lower  Cam- 
brian age  of  the  Stockbridge  limestones  at  Rutland,  Vermont, 
Bull.  Geol.  Soc.  America,  vol.  ii,  1«91),  and  of  Mr.  T.  N. 
Dale  (On  Plicated  Cleavage- Filtration,  this  Journal,  vol.  xliii, 
p.  317).  But  these  are  only  a  part  of  the  localities  found 
and  none  of  the  more  southern  ones  are  given.  A  few 
are  here  appended,  the  most  southern  beinjj:  near  Dan  by 
Four  Corners,   making  thus  a  length  of  twelve   miles  from 
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Kntland  southwards,  in  which  this  thiQ  blue  Trenton  lime- 
stone, nsually  not  exceeding  thirty  feet  in  thickness  and  often 
much  less,  is  known  to  occur.  At  Danby  Four  Corners  one 
exposure  lies  about  two  miles  southwest  of  the  town  in  the 
fields  near  woods;  a  second  is  seen  directly  northeast  of 
the  comers  in  the  southwestern  part  of  a  lar^e  open  field. 
Taking  the  road  leading  west  of  South  Wallingford  to  its 
junction  with  the  west  valley  road,  which  follows  the  eastern 
side  of  the  long  range  of  hills  bounding  the  western  side  of 
the  Eutland-South  Wallingford  Yalley,  an  exposure  of  this 
fossiliferous  blue  limestone  can  be  found  by  going  diagonally 
up  the  hill,  in  a  general  northwest  direction,  to  a  sort  of  open 
bench  above  a  more  steeply  inclined  wooded  line  on  the  hill- 
side, a  considerable  distance  from  the  road.  Passing  from  the 
same  junction  of  the  roads  northward,  a  series  of  exposures 
are  found  along  the  eastern  flank  of  the  hill  range.  Their 
location  is  sufficiently  shown  by  the  accompanying  hasty  sketch 
map.  The  fossils  are  few  in  number,  and  the  geology  is  com- 
plicated by  strike  faults,  and  would  not  be  readily  understood 
had  the  geology  not  been  unravelled  by  Prof.  J.  E.  Wolflf  and 
Mr.  T.  N.  Dale,  farther  north  where  it  is  less  complicated. 
The  most  interesting  locality  is  that  northwest  of  Sargent's 
house  some  distance  south  of  the  bend  of  the  road,  where  the 
rock  shows  cross  sections  of  Streptelasma  and  Strophomena. 

Above  this  Trenton  limestone  especially  west  of  West  Rutland 
Yalley,  occurs  a  great  series  of  shales  and  sandstones  of  Hudson 
River  ages,  while  the  coarse  conglomerates  of  Bird  Mountain 
seem  to  correspond  to  the  Oneida  of  New  Jersey  and  eastern 
Pennsylvania  sections. 

While  Dr.  Beecher  was  discovering  Cambrian  fossils  in  the 
basal  portions  of  the  Magnesian  limestone  series  in  northern 
New  Jersey,  the  writer,  in  the  summer  of  1890,  was  also  find- 
ing Cambrian  fossils  at  various  points  in  the  Stockbridge  lime- 
stone north  of  Rutland,  which  he  also  was  inclined  to  view  as 
of  Olenellus  Cambrian  age.  Later  Prof.  WolflE  added  to  these 
localities.  The  following  year  Mr.  T.  N.  Dale  found  others 
in  the  limestones  of  Center  Rutland  Valley,  west  of  Claren- 
don, and  the  writer  later  in  this  second  year  also  collected  here, 
discovering  that  the  Cambrian  fossils — chiefly  Hyolithes — 
occurred  in  a  bed  having  a  long  strike  exposure,  and  finding  a 
few  fossils  also  below  this  bed.  While  these  fossils  no  doubt 
belong  to  the  lower  portions  of  the  great  Stockbridge  lime- 
stone series,  yet  it  is  probable  that  this  Cambrian  portion  ex- 
tends a  considerable  distance  up  into  the  series,  although  how 
far  is  as  yet  unknown.  At  present  the  writer  is  more  inclined 
to  consider  these  fossils  as  very  high  up  in  the  Olenellus  Cam- 
brian, or  forming  a  transition  to  the  Middle  Cambrian,  but  the 
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fauna  is  still  too  meager.  The  horizon  corresponds  evidently 
to  the  Cambrian  portion  of  the  Ma^nesian  beds  in  New  Jersey. 

While  fossils  are  not  common  in  the  upper  or  middle  por- 
tions of  the  Magnesian  limestones  in  eastern  Pennsylvania 
and  New  Jersey,  or  of  the  Stoekbridge  limestone  in  the 
southern  half  of  Vermont,  still  they  are  found.  In  the  publi- 
cations of  the  Pennsylvania  Geological  Survey  such  localities 
are  mentioned  and  they  occur  also  in  the  West  Kutland  valley 
both  northeast  and  southwest  of  the  town.  The  fossils  are 
such  as  to  make  evident  their  Lower  Silurian  character.  They 
are  found  beneath  the  thin  dark  blue  Trenton  limestone.  So 
their  general  reference  to  the  Chazy-Calciferous  is  warranted 
(J.  D.  Dana,  An  account  of  the  discoveries  in  Vermont  geol- 
ogy of  the  Rev.  Augustus  Wing,  this  Journal,  1877).  The 
basal  portions  of  the  Hudson  River  formation  at  West  Rut- 
land and  elsewhere  in  southern  Vermont  is  often  represented 
by  dark,  black  shales  of  that  peculiar  lithological  character 
which  at  once  suggests  the  presence  of  graptolites  but  these 
have  so  far  not  been  discovered.  In  New  Jersey,  however, 
the  writer  is  informed  by  Prof.  J.  C.  Smock,  the  State  Geolo- 
gist, that  graptolites  were  found  by  Dr.  C.  E.  Beecher  along 
the  railroad  track  between  Pattenburg  and  Midvale.  Near 
Hoosick,  New  York,  graptolites  occur  at  the  same  horizon 
(C.  D.  Walcott,  The  Taconic  System  of  Emmons).  They  will 
probably  be  found  some  time  in  Vermont. 

The  chief  difference  between  the  lower  paleozoic  sections  in 
the  southern  half  of  Vermont  between  the  Taconic  and  Green 
Mountain  areas,  and  those  of  New  Jersey  and  Pennsylvania  lie 
in  the  fact  that  in  Vermont  the  typical  Olenellus  sandstone,  be- 
sides being  thicker,  overlies  a  considerable  thickness  of  other 
sandstones,  and  conglomerates,  evidently  belonging  to  the  same 
geological  unit,  but  of  which,  in  the  absence  of  fossils,  the  pre- 
cise age  cannot  be  definitely  determined.  In  other  respects  the 
correspondence  is  striking,  necessitating  the  belief  that  both  re- 
gions have  passed  through  a  closely  similar  geologic  history,  and 
as  such  might  bo  said  to  belong  to  the  same  geologic  province, 
that  Atlantic  province  extending  of  course  much  farther  south 
than  eastern  Pennsylvania.  This  similarity  is  the  more  strik- 
ing owing  to  the  dissimilarity  from  this  simplicity  of  lithologic 
structure  in  regions  farther  north  and  west  and  southwest  than 
the  various  Rutland  Valley  belts  of  southern  Vermont,  as 
here  discussed.  This  can  be  partly  accounted  for  by  the  fact 
that  the  Adirondacks  in  earlier  paleozoic  times  formed  a  sepa- 
rate source  of  sediments,  and  surrounded  themselves  by  a  series 
of  rocks  whose  lithological  characteristics  are  somewhat  at 
variance  with  those  deposited  at  a  greater  distance.  The 
sphere  of  their  influence  extended  into  northwestern  Vermont, 
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and  for  a  considerable  distance  southwards  in  western  Vermont 
and  eastern  New  York.  It  is  probably  in  part  for  this  reason 
that  the  geology  of  Rensselaer  and  Washington  Counties  is  so 
difficult  to  unravel  and  no  longer  presents  the  same  simplicity 
of  lithologic  structure  found  east  of  the  Taconic  range. 
Lithologically  this  difference  consists  in  the  introduction  of 
argillaceous  and  sandy  limestone,  shale  and  sandstone  elements 
into  that  part  of  the  early  paleozoic  scale  which  is  represented 
in  New  Jersey  and  southward  by  the  Magnesian  limestone, 
and  in  the  southern  half  of  Vermont  by  the  Stockbridge  lime- 
stone, in  other  words  that  part  of  the  section  between  the 
Hudson  River  (including  for  the  present  the  Trenton  lime- 
stone in  the  great  limestone  series)  and  the  top  of  the  Olenellus 
Cambrian  sandstones.  How  far  southward  the  sphere  of 
influence  of  the  Adirondack  sedimentation  extended,  is  un- 
known. To  what  extent,  the  Archsean  of  the  Highland  region 
between  Newburgh  and  Peekskill  supplied  sediments  to  the 
early  paleozoic  series  as  here  discussed  is  also  still  undeter- 
mined. The  remarkable  agreement  between  the  southern 
Vermont  and  the  New  Jersey,  eastern  Pennsylvania,  and  more 
southern  sections  and  the  great  longitudinal  extent  of  the  area 
having  this  structure  would  however  lead  to  the  conclusion 
that  these  sections  represented  the  main  lithologic  features  of 
eastern  early  paleozoic  geology ;  a  basal  Cambrian  sandstone, 
overlain  by  a  great  series  of  limestones  embracing  a  con- 
siderable vertical  range  of  faunas,  and  a  great  mass  of  Hud- 
son River  slates  and  shales  and  sandstones,  overlain  finally 
with  more  or  less  unconformable  Oneida  conglomerate,  the 
unconformability  in  many  places  being  more  theoretic  than 
evident  structurally,  while  in  others  it  is  also  strongly  marked 
structurally,  and  always  paleontologically.  Variations  from 
this  lithological  type  would  seem  to  be  due  more  to  local 
features,  sometimes  of  vast  influence  as  in  the  case  of  the 
Adirondacks,  at  other  times  of  more  limited  range.  To  study 
out  these  more  local  influences  as  something  distinct  from  the 
general,  to  discover  their  source  and  their  range  is  a  part  of 
the  geology  of  the  immediate  future. 

The  various  questions  of  correlation  here  discussed  are  of 
course  not  new.  They  are  here  brought  out  again  chiefly  to 
emphasize  the  strong  agreement  between  the  sections  of  the 
early  paleozoics  in  the  southern  half  of  Vermont  between 
the  Taconic  and  Green  Mountain  ranges,  and  those  of  New 
Jersey,  eastern  Pennsylvania  and  southwards,  an  agreement 
the  more  remarkable  since  closely  contiguous  areas  west  of  the 
Taconic  ranges,  in  western  Vermont,  and  Massachusetts,  and 
in  eastern  New  York  do  not  show  the  same  simplicity  of  litho- 
logic structure. 
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Art.  LX. — An  apparent  Time-hreak  hetween  the  Eocene 
and  Chattahoochee  Miocene  in  South  western  Georgia^  by 
Raphael  Pumpelly. 

Through  the  southwestern  part  of  Georgia  and  adjacent 
northern  Florida  there  extends  a  plateau  known  as  the  Red 
Clay  hill  region.  It  has  a  maximum  altitude  approximately 
300  feet  above  the  sea,  and  an  undulating  surface,  with  the 
main  drainage  channels  cut,  with  steep  cross  profiles,  to  a  depth 
of  over  100  feet. 

This  plateau  is  sharply  limited  on  the  north  by  an  often 
steep  declivity  facing  the  Eocene  flat-land  country,  and  con- 
sists of  Miocene  deposits  resting  on  Eocene,  both  of  which  dip 
about  13  feet  to  the  mile  to  the  South.  The  section  along  the 
Flint  River  where  it  is  cut  into  the  flat-land  country,  exposes 
the  limestone  and  siliceous  Eocene  beds  abounding  in  Vicks- 
burg  fossils.  Of  these  Mr.  Foerste  writes  me,  that  they  form 
"a  varied  fauna,  including  species  of  Operculina,  Orbitoides, 
many  corals,  Cidaris,  Echinocyamus,  Clypeaster,  Scutella, 
Lunulites,  Ostrea,  Pecten,  Amusium,  Spondylus,  Plicatula, 
Cardinm,  Turritella,  Vermetus,  Xenophora,  Natica,  (Ampulina), 
Cerithium,  Strombus,  Cypraea,  Cassidaria  (Sconsia),  Fulgur, 
Conus  and  fragments  of  claws  of  crabs ;  among  these  species 
Echinocyamus  parous,  Eumnus,  Scutella  Lyelli,  Pecten  Poul- 
soni,  and  unknown  species  of  Pectunculus  and  Cerithuum  may 
be  mentioned  as  especially  characteristic  of  the  Vicksburg 
horizon  in  Southwestern  Georgia." 

Where  the  Flint  River  cuts  through  the  plateau  at  an  altitude 
of  40  to  50  feet  above  the  sea,  it  exposes  the  white  calcareous 
beds  of  the  Chattahoochee  group,  but  without  any  visible  con- 
tact with  the  underlying  Eocene.  As  has  been  shown  by  Mr. 
Langdon,*  the  river  bank  is  occupied  by  the  Chattahoochee 
formation  until  its  gentle  southerly  dip  brings  its  upper  surface 
below  water,  and  under  the  Chipola  Miocene  group  at  Alum 
Bluff. 

The  base  of  the  plateau  is  Chattahoochee.  The  exposures 
in  sides  of  deep  ravines  and  freshly  eroded  gullies  in  the 
plateau  almost  uniformly  show  only  more  or  less  sandy  clays, 
which  in  the  higher  parts  seem  to  be  more  sandy,  and  contain 
smooth  pebbles  of  sandy  iron-ore,  which  may  be  either  clastic 
or  concretionary,  and  also  frequent  pebbles  of  quartz,  clearly 
derived  from  metamorphic  schists.  These  quartz  pebl)les  are 
often  f  to  IJ  inches  long  by  ^  inch  broad,  with  a  thickness  of 
only  -jig-  to  \  inch,  and  so  angular  that  it  is  difficult  to  believe 

♦Some  Florida  ^^Jiocene,  this  Journal,  October,  1889.     Variations  in  the  Creta- 
ceous and  Tertiary  Strata  of  Alabama,   Bull.  Gool.  Soc.  Am.,  vol.  ii,  July,  1891. 
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that  they  have  been  transported  very  far.  The  only  light 
obtained  thus  far  as  to  the  age  of  the  upper  part  of  the  plateau 
is  found  in  extensive  areas  of  residuary  fossiliferous  angular 
fragments,  representing  broken-up  siliceous  beds.  These  occur 
at  numerous  points  on  the  plateau  at  altitudes  of  230  to  260 
feet  above  the  sea,  and  seem  to  belong  below  the  ferruginous 
sand  with  iron  ore  pebbles.  These  fragments  up  to  several 
cubic  feet  in  size,  are  found  covering  the  surface  in  areas  of 
many  acres  in  extent,  and  also  imbedded  in  the  underlying 
clays.  At  one  locality,  which  we  were  accustomed  to  call 
Gasteropod  gully,  near  Roseland  plantation,  southeast  of 
Bainbridge,  the  range  exposed  between  the  fragments  on  the 
surface,  and  those  in  the  clays  in  the  adjacent  gullies  is  as 
much  as  60  feet  or  more,  although  under  the  circumstances 
the  true  relation  between  the  upper  and  lower  fragments  is 
not  apparent.  Thes3  fragments  consist  of  siliciiied  beach-worn 
shells  which  either  make  up  almost  the  whole  rock  or  are  im- 
bedded in  the  sandstone.  The  fossils  are  of  Chipola  Miocene 
Age.  Of  these  Mr.  Foerste  sends  me  the  following  list  from 
his  determinations. 

^'Ostrea  divaricata,  var.,  Pecten  Madisonianus  Area  idonea, 
Carditamera?  protracta,  Venus  mercenaria,  var.,  Strigilla  flex- 
uosa,  Mactra  subcuneata,  Solen  ensis,  Conus  planiceps,  Drillia 
similar  to  lunata,  Melongena  similar  to  subcoronata,  Typhis 
acuticostata,  var.  typhis  similar  to  gracilis,  Turritella  gatu- 
nensis,  Turritella  with  an  ornamentation  similar  to  T.  acropora, 
but  shell  is  larger,  T.?  terebriformis,  Solarium  bellastriatum, 
var.  Vicksburgense,  a  moderate  variation  from  the  same. 
Crucibulum  auricula  var.  ?  imbricatum,  Calyptrsea  centralis, 
Crepidula  fornicata,  Natica  floridana,  Chlorostoma  (Ompha- 
lius)  ?  exoletum.  Helix  adamnis,  var.  Bulimulus  ?  Balanus  ? 

As  stated  above  the  surface  of  the  plateau  is  generally  undu- 
lating. Wherever  it  has  been  exposed  to  cultivation  deep 
gullies  have  rapidly  cut  their  way  back  into  it.  These  facts 
would  incline  one  to  look  upon  the  plateau  as  a  Miocene  island 
area  covered  and  levelled  up  with  a  much  more  recent  sand 
formation.  The  younger  sands  may  however  be  of  Miocene 
age  like  those  above  the  Chipola  and  Ecphora  beds  at  Alum 
Bluff.  And  they  may  have  been  continuously  protected  from 
erosion  by  the  density  of  vegetation  and  the  porosity  of  the 
rocks  which  permitted  the  downward  drainage,  into  subter- 
ranean channels,  which  is  still  active  throughout  the  region. 
This  last  alternative  accords  with  the  view  expressed  by  Mr. 
A.  F.  Foerste,*  that  these  sands  represent  the  shoreward  ex- 
tension of  the  Chipola  and  Chesapeake  formations. 

The  evidence  for  a  time  break  between  the  Eocene  and 
Chattahoochee  Miocene  consists  in  : 

*  Chipo\Si  Miocene  of   Bainbridge,  Ga.,  and  Alum  Bluff,  Fla.     This  Journal, 
Oct.,  1893. 
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I.  The  almost  general  presence  of  a  limestone  conglomerate 
at  the  base  of  the  Chattahoochee,  immediately  overlying  Eocene 
fossils.  This  conglomerate  is  sometimes  a  breccia,  and  often 
like  a  rock  shattered  in  place ;  but  more  often  it  consists  of 
clearly  rolled  pebbles  of  limestone  not  distinguishable  from 
the  Eocene  rock  below. 

II.  The  surface  of  demarcaticm  between  the  Eocene  and 
Chattahoochee  is  very  irregular.  The  Eocene  rises  island-like 
into  the  Miocene.  The  altitude  of  the  contact  differs  consid- 
erably at  points  but  a  few  miles  apart  along  the  strike.  Thus 
the  contact  is 

180  feet  above  the  sea  on  Griffin's  Creek. 

102  feet  above  the  sea  in  Glenn's  Well,  2^  miles  eastward. 

156  feet  above  the  sea  in  Powell's  limesink,  s'iil  faithtr  east. 

Mr.  Foerste  writes  me  that  the  fossils  at  GriflBn's  Creek 
correspond  with  those  found  in  the  upper  part  of  the  Chatta- 
hoochee, while  those  at  Glenn's  Well,  and  Powell's  limesink 
correspond  with  those  belonging  in  the  lower  half  of  the 
Chattahoochee. 

At  numerous  points  in  southwestern  Georgia  there  occur 
between  the  Eocene  and  Chattahoochee,  masses  of  columnar 
corals  chalcedonized.  They  are  not  present  at  the  majority  of 
the  points  of  observed  contact.  Nor  has  their  exact  relation 
to  the  Eocene  or  Chattahoochee  been  observed.  Mr.  Dall 
writes  me  regarding  some  that  1  sent  him,  that  they  belong 
at  the  base  of  the  Miocene.  The  observations  lead  me  to 
think  that  they  probably  grew  during  the  interval  between  the 
Vicksburgh  and  Chattahoochee,  upon  the  submerged  Eocene 
surface. 

Mr.  Alexander  Agassiz,  in  "The  three  Cruises  of  the  Blake," 
has  called  attention  to  the  influence  of  submerged  ridges  and 
plateaux  upon  the  growth  of  organic  formations. 

It  seems  possible  that  during  Miocene  time  the  present 
plateau  of  southern  Georgia  was  outlined  by  submerged 
islands  of  the  Eocene  limestone.  The  Gulf  Stream  after  the 
creation  of  the  Central  American  barrier,  found  its  way  back 
to  the  Atlantic  sweei)ing  over  southeru  Georgia  and  northern 
Florida,  and  supplying  the  food  needed  to  build  up  the  great 
organic  beds  of  the  Chattahoochee  and  Cliipola. 

As  these  grew  to  the  surfiice  they  formed  islands  which 
would  explain  the  presence  of  the  land  shells  found  in  the 
Bainbridge  Chipola,  and  also  the  beach-worn  character  of  the 
Chipola  fossils  at  the  same  locality.  And  the  lower  flat-land 
country  of  central  Georgia  may  represent  the  contemporane- 
ous course  of  the  cold  current,  carrying  less  pure  water,  and 
less  of  the  nutriment  needed  to  build  up  organic  dej)osits. 
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Art.  LXI. —  The  Rise  of  the  Mammalia  in  North  America  ; 
by  Henry  Fairfield  Osborn,  Columbia  College,  New- 
York. 

[Continued  from  page  392.] 

Part  II. 

Origin  and  EooliUion  of  Tritiiherculism, 

"  Concrescence  "  is  the  newest  theory  of  cusp  evolution — 
an  expansion  by  Kiikenthal  and  Rose  of  views  earlier  ex- 
pressed by  Gaudry,  Magitot  and  Dybowski.  As  Kiikenthal 
derives  three  conical  Cetacean  teeth  by  splitting  apart  a  trico- 
nodont  molar,  he  conversely  derives  a  triconodont  molar  by 
bringing  together  three  reptile  cones.  Smith  Woodward  has 
called  attention  to  the  support  the  epidermal  structures  of 
the  fishes  give  to  this  hypothesis,  yet  as  applied  to  mammalian 
teeth,  it  comes  from  a  one-sided  Morphology  which  regards 
only  the  wonderful  though  mutilated  chapters  of  Embryology 
when  the  untoru  pages  of  Paleontology  are  at  hand.  Between 
the  Trias  and  the  Puerco,  we  are,  so  to  speak,  in  at  the  birth 
of  every  successive  cusp,  and  can  observe  positively  that  the 
law  of  cusp  evolution  is  direct  upgrowth  from  the  smooth 
slopes  of  the  crown  or  from  the  cingulum,  that  fertile  parent 
of  new  cusps.  Each  new  cusp  is  usually  preceded  by  an 
abraded  surface,  and  prophesied  by  an  excessively  minute  hil- 
lock. It  follows  from  this  that  cusps  range  in  size  and  height 
directly  according  to  their  age — a  principle  beautifully  demon- 
strated in  some  of  the  Mesozoic  teeth.  If  the  Kiikenthal- 
Rose  theory  were  correct,  the  oldest  triconodonts  should  be 
isoconid,  whereas  we  know  that  the  three  equal  cones  of  Tri- 
conodon  are  all  a  very  late  development ;  the  earlier  forms 
show  the  lateral  cones  receding  to  the  needle-points  of  Dro- 
matherium. 

The  tritubercular  molar  owes  its  survival  to  the  original 
advantage  of  its  triangular  form,  and  to  the  possibilities  of  free 
cusp  addition — as  worked  out  by  Cope,  Wortman,  Schlosser, 
Scott,  and  myself.  Riitimeyer's  term,  "  trigonodont,"  best 
expresses  the  primitive  structure  of  the  upper  and  lower  teeth, 
as  of  two  interlocking  triangles  with  their  open  bases  turned 
outward  in  the  upper  and  inward  in  the  lower  jaw.  These 
''trigons"  cutting  past  each  other,  made  a  shear  so  perfect 
that  many  Insectivora  retained  it  without  further  evolution. 
But  in  most  Trituberculates  a  talon  was  next  added  to  the 
lower  molar  (Jurassic  stage)  as  a  pestle  crushing  into  the  upper 
valley ;  this  talon  gradually  widened  into  a  broad  heel  sup- 
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porting  three  cusps,  as  found  in  the  Cretaceous.  Consider  the 
extreme  antiquity  of  the  three  homologous  cusps  borne  upon 
the  back  part  of  the  human  molar.  This  addition  gave  the 
opposed  molars  two  shears  and  one  crusher,  and  was  so  per- 
fectly adapted  to  the  needs  of  Lemurs  and  many  Insectivores 
and  Carnivores,  in  short,  of  most  clawed  animals,  that  they 
stopped  at  this  point.  Not  so  with  the  Herbivora,  which 
required  more  extensive  crushing  surfaces.  The  upper  molars, 
which  had  remained  triangular  through  the  Cretaceous  and 
into  the  basal  Eocene,  began  to  develop  a  little  talon,  like  that 
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Phyletic  History  of  the  Citsps  of  the  Ungulate  Molars. 
Upjiei'  molars  in  heavy  lines,  lower  in  light  lines. 

-4,  Reptilian  Stage.  F?aplodont,  Permian.  B,  Protodont  Stajj^e  (Dromotherium\ 
Triassic.  C,  Triconodout  Stage  (Ainphilestes).  J),  Tritubcrcular  Stage  {Spala- 
cotherium.  E.  Tritubercular-tuberculo  Sectorial  [Amphitheriitin).*  F,  The  same, 
in  Upper  Jurassic.  O,  The  same,  in  Upper  Cretaceous.  //,  The  same,  Puerco, 
Lower  Kocene.  •/.  Soxitubercular-sexitubercular,  i'uerco.  «/,  Sexitubercular- 
quadritubercular,  Wahsatch. 

*  Since  this  drawing  was  published  I  have  learned  that  the  talon  of  the  lower 
molar  of  Amphitherium  is  considerably  larger  than  here  represented. 
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early  seen  io  the  lower  molara,  and  at  the  same  time  both 
apper  and  lower  molars  entirely  sacriticed  their  primitive  cut- 
ting powers,  and  were  converted  from  secodont  into  bunodont 
types  by  bringing  the  primitive  trigons  down  to  the  level  of 
the  talons.  At  the  same  tim'e,  the  upper  molars  acquired 
intermediate  tubercles,  and  the  triangnlar  or  oblique  arrange- 
ment of  the  tubercles  was  shifted  into  the  quadrangular  or 
transverse  arrangement.  This  outline  is  the  result  of  fifteen 
years'  observation. 

With  square  crowns  {va.  triangular)  and  six  conic  cnsps  above 
and  below,  the  molars  of  the  Artiodactyl  and  Periesodactyl 
Herbivora  ended  their  first  constructive  period  and  started 
upon  their  modernization.  From  this  point  we  direct  our 
attention  upon  the  numerous  combinations  of  three  or  four 
forms  assumed  by  these  single  cones.  The  important  tiling 
now  is  to  determine  at  what  period  these  combinations 
were  established,  for  there  is  wide  difEerence  of  opinion  as  to 
when  ungulate  divergence  began.  To  this  I  refer  later. 
Taeker  has  recently  siiown  how  every  modern  embryonic 
lophodont  or  selenodont  molar  first  exhibits  the  archetypal 
cones  of  the  primitive  bunodont.  This  law,  together  with  my 
own  parallel  studies  of  the  evolution  of  the  horse  and  rhinoce- 
ros molars,  led  me  to  the  discovery  that  these  embryonic primi- 


The  Limita  of  Vartation 
B,  Acerathenum.    SliowtDg  the  aecondaiy  enamel  foldings 
from  the  centers  of  Ihe  aDcestral  conea. 

tive  cones  are  also  the  main  growth  centers,  for,  in  the  upper 
Miocene,  long  after  the  Perissodactyla  have  separated  from 
each  other,  we  see  the  influence  of  the  archetypal  form  in  the 
generic  and  specific  variations  of  the  molars.  Compare  the 
teeth  of  Merychippus  and  of  Aoeratherium,  and  imagine  that 
you  see  underlying  the  diverse  crests  and  crescents  the  simple 
bunodont  moUr  of  such  a  foi-m  as  Ilyi-aeotkerium  leporiniim 
of  the  London  Clay.  You  will  then  notice  that  the  charac- 
teristic secondary  folds  and  spurs  of  the  Miocene  teeth  spring 
from  the  old  bunodont  cones,  that  the  two  "cement  lakes"  of 
Merychippus  are  equivalent  to  the  two  "fossettes"  of  Acera- 
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therinm,  because  the  "  crescentic  spurs  "  of  the  1101*86  and  the 
"crochet"  and  " antecrochet "  of  the  rhinoceros  spring  alike 
from  the  primitive  "intermediate  tubercles." 

In  view  of  these  discoveries  of  the  uniformity  of  mamma- 
lian molar  type,  a  uniform  terminology  has  become  as  neces- 
sary for  the  dental  cusps  as  for  the  carpal  and  tarsal  eiemente 
of  the  feet.  Professor  Gandry's  once  admirable  system,  elabo- 
rated in  his  ^*  Enchainementa^^  was  based  upon  the  supposed 


Anchitheriurr.  Isl  M.  CoryplioJon,  1st  M. 

the  Horse  and   ' .'oTyplioihn  MoUirs  iin<l  PiKiiioh's. 

division  of  the  ungulate  tnolar  into  a  ''first  lobe"  and 
"second  lobe,"  and  is  still  followed  in  France.  Yet  it  has  two 
drawbacks:  it  precludes  the  couipiirisun  of  tlie  ungulate  witli 
the  nnguiculate  molar,  for  neither  lobe  includes  the  complete 
triangle ;  still  more  inconvenient  is  the  fact  that  we  cannot 
compare  the  higher  ungulates  with  the  older  Ooryphodons  and 
Periptychidse  in  which  the  molars  were  developed  upon  the 


452        H,  F.  Osborn — Mammalia  in  North  Ameriea. 

triangular  plan  ;  these  teeth  have  only  the  first  lobe  and  half 
the  second.  Tlie  upper  molars  of  Hipparion  and  Corjphodon 
illustrate  the  advantages  of  this  new  system  of  comparison 
and  of  terminology. 

Scott  has  made  a  further  advance  in  Odontology  by  work- 
ing out  the  laws  of  premolar  evolution  or  cusp  addition.  In 
many  groups  we  know  that  from  one  to  four  of  the  premolars 
gradually  acquire  the  exact  form  of  the  molars  in  order  to 
further  increase  the  grinding  surface,  and  we  should  a  priori  ex- 
pect that  the  cusps  would  be  added  in  the  same  order,  and  there- 
fore be  homologous  with  the  molar  cusps.  This,  as  Schlosser 
and  myself-  had  observed,  is  not  the  case.  Scott  shows  the 
order  of  cusp  development  in  the  premolars  is  very  nearly  the 
same  in  all  the  mammals,  and  yet  is  entirely  different  from  the 
order  followed  in  the  molars.  This  law  again  unexpectedly 
ties  the  clawed  and  hoofed  mammals  together ;  the  sequence 
of  cusps  in  palingenesis  is  similar  to  that  observed  by  Taeker 
in  embryogenesis,  and  Scott  is  justified  in  proposing  a  new 
terminology  (protocone,  deuterocone,  tritocone,  etc.)  for  the 
premolar  cusps,  which  will  in  the  end  prove  to  be  a  great  con- 
venience. 

I  alluded  above  to  the  well  known  extreme  and  very  confus- 
ing similarity  of  the  tritubercular  molars  in  the  early  stages  of 
divergence.  Trituberculism  is  at  once  the  cause  of  clearness 
anS  of  doubt  when  we  get  back  to  the  stem  mammals  of 
widely  different  phyla.  This  has  led  to  strange  misconceptions 
of  phyletic  affinities  as  exemplified  in  Filhol's  division  "  JPachy- 
lem.uriens^'^  a  supposed  mixture  of  lemur  and  ungulate  stock. 
There  was  never  any  such  mixture,  and  the  question  comes  up 
how  to  distinguish  unlike  forms  with  like  teeth  ?  I  have  pro- 
posed to  make  use  of  a  dental  curve  which  will  express  the 
incipient  atrophy  of  some  parts,  and  hypertrophy  of  other 
parts  of  the  series,  a  metatrophism  which  will  naturally  termi- 
nate in  the  reduction  of  some  teeth,  and  excessive  develop- 
ment of  others.  This  has  not  been  by  any  means  fully  worked 
out,  but  1  believe  it  will  prove  to  be  of  great  service  in  direct- 
ing attention  to  some  of  the  initial  tendencies  of  divergence, 
which  are  not  expressed  either  in  the  dental  formula  or  in  the 
patterns  of  the  teeth.  Below  are  some  of  these  curves.  When 
worked  out  by  the  composite  method,  we  will  find  certain  pri- 
mary curves  characteristic  of  the  ordinal  divisions,  and  minor 
curves  distinguishing  the  lesser  divisions.  Of  course  the  laws 
of  parallelism  will  also  be  found  in  force  here ;  flesh-eating, 
insect-eating,  and  grass-eating  animals  will  be  apt  to  have 
similar  curves  even  when  evolved  in  different  groups,  but  here 
the  dental  formula  and  succession  will  come  to  our  aid. 
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Breaks  and  Links  in  the  Mesozoic  Fauna, 

By  onr  hypothesis  all  three  sub-classes  flourished  together 
during  the  American  Mesozoic ;  the  Marsupials  disappeared, 
then  the  Monotremes,  and  by  the  end  of  the  basal  Eocene  the 
Placentals  were  in  exclusive  possession  of  the  northern  con- 
tinent. 


Honiodont 


Jaraesic  Insectlvores 


Lemars 


Monkeys 


Modern  Carnivores 


I  C  P 

Examples  of  Dental  Curves. 

Although  we  have  great  reason  to  congratulate  ourselves 
upon  the  rapid  progress  of  discovery,  there  still  remain  great 
gaps  in  Mesozoic  time  between  certain  horizons  and  in  the 
lineal  phyletic  series  of  both  the  Mesozoic  and  Cenozoic.  For 
a  time  standard  we  may  take  advantage  of  the  remarkably 
constant  evolution  of  the  Plagiaulacidse  in  the  Mesozoic,  and 
of  the  Equidae  in  the  Cenozoic — as  certain  invertebrates  are 
made  use  of  in  older  rocks.  The  grooves  and  tubercles  of 
Plagiaulax  and  the  cusps  and  styles  of  the  horses  are  added 
with  the  precision  of  clockwork,  and  supposing  that  the  rate  of 
evolution  has  been  about  the  same,  we  can  approximately  esti- 
mate both  the  periods  of  deposition  and  the  intervals  as  below. 


Plagiaulacidae. 

Stonesfleld,    Purbeck, 

Number  of  Premolars,  ?  4-:i 

Grooves  od  Premolars,  ?  7-9 

Molar  Tubercles :  outer ;    inner ;        ?  4:2 


Laramie.  Puerco.  Cernaysian. 

2  2-1  1 

11-14  12-15  14 

(3:4  6:4  9:6 


Estimating  the  geological  intervals  by  dental  evolution  and 
f  aunal  succession,  there  is  first  the  great  gap  between  the  Trias 
of   Microlestes  and  Dromatheriuni   and  the   Jurassic   of    the 
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Stonesfield  slate ;  there  is  a  relatively  shorter  interval,  but 
still  a  considerable  one  between  this  and  the  Purbeck  or  Atlan- 
tosaurns  beds.  Then  follows  another  long  and  very  important 
interval  between  the  Atlantosaurus  beas  and  the  Laramie 
(Upper  Cretaceous).  The  gap  between  the  Laramie  and 
Puerco  was  relatively  short  as  indicated  by  the  comparatively 
limited  evolution  both  of  the  Plagiaulacids  and  Trituberculates. 
The  Puerco  itself  was  a  long  period  in  which  the  Plagiaulacids 
underwent  considerable  changes.  Then  follows  an  interval 
which  it  is  most  important  to  fill  by  future  exploration,  for 
between  the  Puerco  and  the  Wahsatch  the  differentiation  of 
the  even  and  the  odd-toed  ungulates  must  have  occurred.  The 
Wahsatch  proper  does  not  mark  a  very  extensive  evolution  of 
the  forms  it  contains.  It  passes  after  a  slight  break  into  the 
base  of  the  Bridger  (Wind  Kiver)  and  then  begins  that  splen- 
did and  almost  uninterrupted  succession  of  lake  basins,  termi- 
nating in  the  Pliocene.  I  append  a  table,  to  be  compared  with 
that  published  by  Marsh  in  his  admirable  address  of  1877,  and 
exhibit  the  great  progress  of  the  last  sixteen  years. 

The  general  fftunal  succession  is  marked  by  the  sudden 
appearance  and  disappearance  of  certain  series  and  rise  and 
fall  of  great  groups.  In  the  Trias  appears  the  remarkable  pro- 
todont  or  primitive-toothed  Dromatherium  ;  we  cannot  deter- 
mine its  Order  at  present.  We  still  have  no  American  fauna 
corresponding  to  the  intermediate  Stonesfield  of  England.  In 
the  Jurassic  Atlantosaurus  beds  the  three  supposed  representa- 
tives of  the  Monotremes  (multituberculates).  Marsupials  (trico- 
nodonts)  and  Placentals  (trituberculates),  appear  in  equal  num- 
bers ;  the  latter  are  generally  characterized  by  the  primitive 
dental  formula.  In  the  Laramie  the  Multituberculates  con- 
tinue in  great  profusion,  and  the  Marsupials  and  Placentals  are 
also  numerous. 

The  serial  succession  of  the  Trituberculates  from  the  Meso- 
zoic  is  still  an  unknown  chapter  ;  we  are  utterly  unable  to  con- 
nect the  Dromatheriidse  of  the  Trias,  the  Triconodontidfle, 
Amphitheriidse  and  Amblotheriidse  of  the  Jura  with  each 
other,  or  with  any  Cretaceous  or  lower  tertiary  mammals.  The 
serial  relations  of  the  Multituberculates,  on  the  other  hand, 
have  been  made  much  clearer  by  the  discovery  of  the  Laramie 
fauna.  Cope  and  Marsh  in  this  country,  and  Smith  Woodward 
in  England,  have  at  last  broken  into  the  long  barren  Cretaceous. 
In  studying  the  accurate  figures  published  by  Marsh  and  a 
large  collection  of  teeth  recently  made  for  the  American 
Museum  by  Wortman  and  Peterson,  I  find  that  this  Laramie 
fauna  is  widely  separated  from  the  Jurassic  in  its  general  evo- 
lution, and  as  Gaudry,  Lemoine  and  Cope  have  observed,  it 
approaches  more  nearly  the  basal  Eocene  of  the  Puerco  and 
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the  Cernaysian  of  France.  The  Multituberculates  of  the 
Laramie  inelnde  the  Plagiaulaeidse,  represented  by  Ptilodus, 
the  form  with  two  premolars,  and  Meniscoessus,  with  two  pre- 
molars and  crescentic  tubercles.  Meniscoessus  has  a  smaller 
fourth  premolar,  and  is  found  to  lead  off  to  the  huge  plagiau- 
lacid  Polymastodon  of  the  Puerco.  The  only  other  Multitu- 
berculates found  are  those  related  to  Bolodon  of  the  Jurassic 
and  Chirox  of  the  Puerco.  The  other  mammals  of  the  Lara- 
mie range  from  the  mouse  to  the  opossum  in  size ;  they  have 
superior  molars  of  the  simple  tritubercular  type — the  low 
cusped  or  bunodont  molar  predominating  in  the  upper  jaw,  and 
the  tuberculo-sectorial  in  the  lower.  The  dental  formula  is 
mostly  the  typical  p.  4,  m.  3.  Yet,  judging  by  the  angular 
region  of  the  jaws,  we  have  here  both  Placentals  and  Marsu- 
pials. Some  of  the  teeth  remind  us  strongly  of  those  in  the 
Puerco;  their  determination,  however,  is  very  difficult,  for 
the  jaws  and  teeth  are  almost  entirely  isolated.  From  another 
exposure  of  the  Laramie,  Cope  has  recently  found  the  remark- 
able type  Thlaeodon — remarkable  because  it  is  a  highly  special- 
ized trituberculate  of  typical  dentition  with  a  jaw  which  bears 
resemblance  to  that  of  the  Multituberculates  and  of  Ornitho- 
rhynchus.  There  is  no  placental  angle  nor  strong  marsupial 
inflection.  This  raises  the  supposition  that  Thlseodon  may  be 
one  of  the  persistent  trituberculate  Monotremes  which  we  are 
now  looking  for. 

In  the  Puerco  or  basal  Eocene,  a  very  marked  change  occurs, 
for  the  American  fauna  loses  some  of  its  cosmopolitan  character, 
the  Multituberculates  or  monotremes  die  out  and  the  marsu- 
pials are  not  found  at  all ;  in  fact  they  do  not  reappear  in 
if  orth  America  until  the  Miocene. 


AncieiU  and  Modern  Placental  Differentiation, 

The  Puerco  is  essentially  an  archaic  fauna  and  is  to  be 
regarded  as  the  climax  of  the  first  period  of  placental  differen- 
tiation, a  culmination  of  the  first  attempts  of  nature  to  establish 
insectivorous,  carnivorous  and  herbivorous  groups.  These  at- 
tempts began  in  the  Cretaceous,  and  some  of  the  types  thus 
produced  died  out  in  the  Puerco,  some  in  the  Wahsatch  and 
feridger ;  only  a  few  flesh-eaters  survived  to  the  Miocene.  It 
is  most  important  to  grasp  clearly  the  idea  of  this  functional 
radiation  in  all  directions  of  this  old  Puerco  fauna,  resulting 
in  forms  like  the  modern  insectivores,  rodents,  bears,  dogs  and 
cats,  monkeys,  sloths,  bunodont  and  selenodont  ungulates,  and 
lophodont  ungulates.  This  was  an  independent  radiation  of 
placentals,  like  the  Australian  radiation  of  marsupials.     What 
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was  the  cause  of  the  wide-spread  extinction  of  these  types  ? 
So  far  as  the  ancient  clawed  types  are  concerned,  their  teeth 
and  feet  seem  to  be  as  fully  adaptive  in  many  cases  as  those  of 
the  later  uneuiculates;  the  hoofed  types  were  certainly  inferior 
in  tooth  evolution,  for  all  their  molars  evolved  on  the  triangular 
basis  instead  of  the  sexitubercular;  the  most  sweeping  defect 
of  both  the  clawed  and  hoofed  types,  was  the  apparent  inca- 
pacity for  brain  growth,  their  bodies  went  on  developing  while 
their  brains  stood  still.  Thus  the  stupid  giant  fauna,  the 
Dinocerata,  which  rose  out  of  this  period,  gave  way  to  the 
small  but  large-brained  modern  types.  It  is  noteworthy  that 
the  latest  survivors  of  this  wreck  of  ancient  life  were  the  large- 
brained  Hysenodons. 

Some  of  the  least  specialized  spurs  of  this  radiation  appear 
to  have  survived  and  become  the  centers  of  the  second  or  mid- 
Tertiary  radiation  from  which  our  modern  fauna  has  evolved. 
Yet  we  have  not  in  a  single  case  succeeded  in  tracing  the 
direct  connection.  To  sum  up,  we  find  on  the  North  American 
continent  evidence  of  the  rise  and  decline  and  disappearance  of 
monotremes  and  marsupials,  and  two  great  periods  of  placental 
radiation,  the  ancient  radiation  beginning  in  the  Mesozoic, 
reaching  a  climax  in  the  Puerco  and  unknown  post-Puerco,  and 
sending  its  spurs  into  the  higher  Tertiary,  and  the  modern 
radiation  reaching  its  climax  in  the  Miocene,  and  sending 
down  to  us  our  existing  types. 

Another  Eocene  center  was  lower  South  America,  which  has 
of  late  dimmed  the  prestige  of  North  America  in  yielding 
strange  forms  of  life.  One  theory  of  this  Patagonian  fauna  is 
that  it  was  an  independent  center  of  functional  radiation  like 
the  Puerco  and  Australian,  full  of  adaptive  parallels,  but  not 
yielding  to  Europe  or  America  any  of  their  older  types.  But 
Ameghino,  to  whose  energetic  researches  we  are  chiefly  in- 
debted, believes  that  he  finds  a  lower  Eocene  life  zone — a  sort 
of  south  polar  center — which  supplied  both  America  and 
Europe.  The  Puerco  he  believes  is  no  older  than  tlie  Santa- 
eruzian  which  in  turn  is  very  much  older  than  the  Parana  and 
Pampean  formations,  which  Burmeister  has  made  so  well 
known.  This  yields  the  llomunculus  patagonicus  which  paral- 
lels Cope's  Anaptomorphus  in  presenting  a  dentition  as  ad- 
vanced in  reduction  as  that  of  man.  Ameghino  finds  here  the 
ancestors  of  the  Macrauchenidae ;  he  believes  the  Homolo- 
dontotheridse  are  the  ancestors  of  the  Chalicotheriidai — thus 
mistakenly  deriving  a  buno-selenodont  from  a  lophodont  type  ; 
the  Proterotheriidse,  he  believes,  replace  the  Condylarthra  and 
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Hyracotherium  in  the  ancestry  of  the  Boi'ses.  Similarly  the 
Microbiotheriidse  are  the  stem  of  the  creodonts  and  carnivores. 
I  cannot  coincide  with  any  of  these  views.  The  Multituber- 
culates  are  far  older  and  widely  different  from  the  Abderites 
to  which  Ameghino  traces  their  ancestry.  I  fully  concur  with 
the  opinion  of  Cope,  Zittel,  Scott  and  others  that  this  fauna  is 
of  somewhat  later  age,  that  it  was  directly  connected  with  Aus- 
tralia and  somewhat  later  with  North  America,  supplying  us, 
as  has  always  been  supposed,  with  our  sloths.  1  quote  from  a 
recent  address  by  Scott : 

"  The  oldest  mammals  from  South  America  are  those  from 
Patagonia,  which  Ameghino  has  referred  to  the  Eocene,  but 
which  are  more  probably  Oligocene  or  Miocene.  This  fauna 
is  of  extreu.e  peculiarity  and  isolation  ;  it  is  made  up  chiefly 
of  edentates,  rodents  and  ungulates  of  those  very  aberrant  types 
known  as  Litopterna  and  Toxodontia,  which  are  so  widely  dif- 
ferent from  the  hoofed  mammals  of  the  northern  hemispnere; 
together  with  some  primitive  forms  of  primates,  creodonts  and 
marsupials.  The  marsupials  are  of  extraordinary  interest,  for 
they  comprise  not  only  forms  allied  to  the  opossums,  but  also 
to  recent  Australian  forms  such  as  Thylacinus,  Dasyurus  and 
Hypsiprymnus.  This  is  a  most  unexpected  fact  and  seems  to 
point  unmistakably  to  a  great  southern  circumpolar  continent." 

The  North  American  Puerco  thus  remains  the  most  exten- 
sively known  and  productive  lower  Eocene  center  yet  we  have 
very  slender  threads  of  positive  evidence  to  connect  its  fauna 
with  the  later  placental  radiation. 

The  Creodonts  of  Cope  occupy  the  same  relation  to  the 
modern  insectivores  and  carnivores  that  the  Condylarthra  do 
to  the  ungulates.  The  American  group  has  been  recently  en- 
riched by  the  discoveries  of  Wortman,  and  the  literature  by 
the  careful  revision  of  Scott.  This  author  has  divided  them 
into  eight  families,  placing  the  forms  which  most  resemble  the 
Insectivora  in  the  new  family,  Oxyclsenidse.  These  families 
illustrate  superbly  the  same  law  of  functional  radiation  later 
repeated  in  the  placental  and  marsupial  carnivores.  The 
Mesonyx  family  presents  some  analogies  to  the  Thylacines. 
The  modern  bears  are  paralleled  in  the  Arctocyons,  with  their 
low  tubercular  molars ;  Wortman  and  myself,  with  fresh  materi- 
als, have  recently  added  Anacodon  to  this  family,  a  genus  which 
was  doubtfully  regarded  by  Cope  as  an  ancient  ungulate.  The 
C^ts  and  Ilyeenas  are  imitated  in  the  Oxysenas  and  Hyseno- 
dons,  some  of  the  Miocene  forms  of  which  Scott  suggests 
developed  aquatic  habits  ;  as  above  noted,  some  of  this  family 
acquired  large  brains  and  persisted  well  into  the  Miocene.     A 
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still  more  remarkable  likeness  to  the  Cats  is  exhibited  in  the 
Palseonictis  family,  which,  unlike  the  Hyeenodons,  forms  its 
sectorials  out  of  exactly  the  same  teeth  as  the  true  cats.  The 
first  American  Palseonictis  was  found  two  years  ago  by  Wort- 
man,  and  this  author  and  myself  have  suggested  that  this  may 
be  the  long-sought  ancestor  of  the  Felidse.  The  Civets  are 
anticipated  in  the  Proviverridae ;  yet  both  Cope  and  Scott,  the 
highest  authorities  on  this  subject,  believe  that  the  dog-like 
Miacidse  alone  formed  the  connecting  link  between  the  Creo- 
donta  and  the  true  Carnivora. 


The  foot  structure  of  the  ancient  Puerco  ungulates  is  still 
only  partly  known  Cope  has  divided  these  animals  into  the 
Amblypoda  and  Condylarthra.  The  Amblypoda  are  repre- 
sented in  the  Puerco  by  a  large  form  called  Pantolambda,  with 
selenodont  triangular  upper  molars,  and  possibly  by  Perip- 
tychus,  with  bunodont  triangular  molars.  The  Pantolambda 
molars  were,  as  Cope  has  shown,  converted  into  those  of  Cory- 
phodon,  the  great  lophodont  Amblypod  of  the  Wahsatch,  by  a 
process  exactly  analogous  to  that  in  which  the  anterior  half  of 
a  Paleeotherium  molar  was  formed,  that  is,  they  acquired  outer 
and  anterior  crests  but  no  posterior  crests.  This  Corypho 
don  molar  type  was  still  later  converted  into  the  TTintatherium 
type  by  swinging  around  the  outer  crest  into  a  transverse  crest. 
I  have  recently  made  a  careful  study  of  the  fore  and  hind  feet 
of  Coryphodon,  and  have  found  that  while  the  fore  foot  was 
subdigitigrade  like  that  of  the  elephant,  the  hind  foot  was  fully 
plantigrade,  the  entire  sole  resting  upon  the  ground.  The 
relation  or  connection  between  the  Bridger  Dinocerata  and 
these  earlier  Amblypoda  is  still  unknown.  The  Puerco  Perip- 
tychus  left  no  descendants.  The  other  ungulates  of  the  Puerco 
were  the  Condylarthra,  including  the  primitive  Phenacodon- 
tidse,  the  supposed  ancestors  of  the  Artiodactyls  and  Perisso- 
dactyls.  Much  remains  to  be  done  to  clear  up  their  relation- 
ships. 

Succession  of  tJie  Perissodactyls, 

In  the  Wahsatch  and  Wind  River  we  find  not  only  the  last 
of  the  Phenacodonts  and  Coryphodonts  and  the  first  of  the 
Dinocerata,  but  the  first  of  the  true  Artiodactyls  and  Perisso- 
dactyls. Recent  studies  of  Cope,  Schlosser,  Pavlow,  Filhol 
have  been  directed  to  the  phylogeny  of  the  Perissodactyls  with 
very  different  conclusions.  I  agree  most  closely  with  Schlosser, 
and  have  endeavored  to  show  that  the  molar  teeth  give  us  a 
key  to  their  natural  arrangement  as  shown  in  this  column. 
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.  .  .    -|  Titanothcres.  Upon  one  side  the  Titanotheres  present 

i  Horses.  the  buno-selenodont   extreme   with   most 

'  '  '    I  Paiaotheres.       analogies  to  the  Artiodaetyla  in  tooth  strac- 

i  Tapirs.  tare  and   in  their  truly  Artiodaetvl   fore 

•  •  •    /  ^^^^l^^^l"^       feet  and  bony  horns.     (If,   as  Coi)e  snp- 

i  Hyracodontp.  P^^^'  ^^^  Dip'larthra  form  a  natural  ^roup, 
....  -  Anjynodonts!      some    Perissodactyls  should  certainly  be 

( Rhinoceroses,  more  Artiodactyl  than  others.)  The 
Horses  and  Palseotheres  diverge  from  the  buno-selenodont  type 
towards  the  Lophodont ;  they  were  early  separated  in  foot 
structure.  The  Tapirs,  Lophiodonts,  and  Eelaletes  show  well- 
marked  transverse  crests  and  incipient  external  crests.  This 
brings  us  to  the  other  Lophodont  extreme,  the  Rhinoceros-like 
forms,  with  complete  transverse  and  external  crests  There 
are  many  other  minor  characters  which  support  this  as  the 
natural  arrangement  of  the  Perissodactyls.  I  think  it  can  be 
shown  conclusively  that  these  eight  or  nine  series  diverged 
from  each  other  before  the  Wahsatch,  and  that  all  attempts 
to  derive  them  from  each  other  in  later  periods  will  break 
down.  They  will  be  found  to  converge  into  the  unknown  Sub- 
Wahsatch  period,  to  stem  forms  as  indicated  by  the  brackets. 
*        *         «         ^         ^         ^         *■«         «         « 

The  Titanotheres  have  been  traced  by  Cope  back  to  Lamb- 
dotherium  in  the  Wahsatch ;  in  the  Wind  River  the  true 
Palseosyops  is  found,  and  in  the  Bridger  this  becomes  the  pre- 
dominant perissodactyl  family,  and  spreads  out  into  a  great 
variety  of  lorms,  which  have  recently  been  carefully  described 
by  Earle.  In  the  Washakie  there  are  some  still  lai^er  forms, 
and  Marsh  has  traced  the  line  through  the  teeth  of  fiiplacodon 
of  the  Uinta  to  the  true  Titanotheres.  Still  the  origin  of  the 
flattened  skull  and  remarkable  anterior  pair  of  horns  has  never 
been  known;  Hatcher  reports  species  with  very  small  horns  in 
the  base  of  the  Titanotherium  beds  (Lower  Miocene).  Wort- 
man  has  just  reported  to  me  the  brilliant  discovery  of  an  upper 
Eocene  (Bridger  and  Washakie)  Palseosyops  with  a  flattened 
skull  and  rudimentary  horns  just  appearing  upon  the  nasals! 
This  forms  the  desired  connecting  link. 

The  early  history  of  the  horses,  probably  starting  with  the 
Puerco  Condylarth  Euprotogonia,  and  passing  through  Hyraco- 
therium,  Pachynolophus,  Epihippus,  Mesohippus,  is  now 
familiar  enough.  It  is  the  later  history  which  requires  eluci- 
dation, and  is  producing  the  most  unexpected  number  of  paral- 
lel lines  of  horses,  out  of  one  of  which  only  our  modem  horse 
sprang.  Here  we  are  especially  indebted  to  Cope,  Pavlow, 
and  Scott.  By  general  consent  Hipparion  comes  out  of  its 
old  position  in   the  true  line  as  displaying  the  most  extreme 
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variations  in  the  crowns  of  the  molar  teeth  in  compensation 
for  the  backward  evolution  of  its  feet.  Scott  has  been  espe- 
cially investigating  the  upper  Miocene  horses  ;  I  quote  from 
the  MSS.  he  has  kindly  lent  me,  in  which  he  proposes  to  re- 
move also  the  classical  Anchitherium  of  Cuvier.  He  says : 
"  These  American  genera,  Mesohippus  and  Miohippus  may 
confidently  be  regarded  as  important  members  of  the  equine 
stem,  while  Anchitherium  (of  Europe)  from  present  informa- 
tion would  appear  to  belong  to  an  abortive  side  branch  leading 
to  no  permanent  results."  Scott  has  also  discovered  an  im- 
portant intermediate  form  linking  Miohippus  with  Proto- 
hippus. 

The  PalfiBotheres  have  not  been  found  in  America. 

The  Tapir  line  has  been  traced  by  Cope  and  myself  back  to 
Systemodon  of  the  Wahsatch,  and  Isectolophus  of  the  Bridger 
and  Uinta.  These  forms  have  simple  premolars,  but  bear  the 
most  striking  resemblance  to  the  Tapirs  in  the  molars  both 
above  and  below.  All  previous  attempts  to  determine  the 
Miocene  representatives  of  the  Tapirs  have  been  erroneous. 
Wortman  and  Earle  have  just  published  an  account  of  two 
lower  Miocene  species  of  true  Tapirs,  which,  both  in  foot  and 
tooth  structure,  definitely  carry  the  American  Tapir  line  up  to 
the  middle  Miocene,  where  it  is  again  lost  sight  of.  These 
species  belong  to  the  genus  Protapirus,  which  Filhol  has  found 
in  the  Oligocene  of  France,  thus  adding  an  important  geologi- 
cal parallel.  The  Wahsatch  Tapirs  were  a  little  larger  than 
the  Horses  or  Hyracotheres  which  were  about  the  size  of  a 
fox,  and  much  smaller  than  the  ancestral  Titanotheres. 

Another  iamilv  of  small,  slender  perissodactyls  more  nearly 
allied  to  the  Lopniodons  of  Europe  than  any  other  American 
forms  are  the  Helaletidse,  distinguished  by  feet  tending  to 
monodactylism,  and  narrow  hoofs  like  those  of  the  deer ;  even 
in  the  Wahsatch  Heptodon  the  lateral  toes  are  quite  short  and 
raised  off  the  ground.  The  molars,  like  those  of  the  lophio- 
dons  of  Europe,  are  intermediate  between  those  of  the  Tapir 
and  the  Khinoceros,  but  both  teeth  and  feet  preclude  our  unit- 
ing these  forms  either  with  the  Tapirs  or  with  the  Hyra«'.hyu8 
family,  as  Cope  has  done.  The  Bridger  successor  is  Helaletes, 
which  Marsh  mistakenly  supposed  was  an  ancestral  Tapir,  and 
the  integrity  of  this  line  is  now  firmly  established  by  the  dis- 
covery of  the  Miocene  Colodon.  This  is  described  by  Marsh 
as  a  successor  of  Helaletes,  and  Wortman  and  Earle  have  just 
published  an  account  of  the  teeth  and  feet,  showing  that  Colo- 
don is  widely  separated  from  the  contemporary  true  Tapirs, 
and  is  the  last  member  of  the  Heptodon-Helaletes  line. 

The  Rhinoceroses  of  America  comprised  the  true  Acera- 
theriinse  and   Diceratheriinse,  and  what  may  be  called  the 
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pfiendo-rhinoceroses,  the  Hjracodons  and  AmyDodons;  all 
these  forms  present  the  true  Bhinoceros  molar  pattern,  but 
they  diverge  most  widely  in  the  stmctare  of  the  anterior  teeth 
and  of  the  feet.  The  Hyracodons  first  appear  in  the  namer- 
ous  and  diversified  Hyraenyus  of  the  Bridffer,  some  of  which 
exhibited  rudimentary  horns  upon  the  back  part  of  the  nasals 
(Colonoceras) ;  they  retained  a  full  set  of  equal-sized  incisors 
and  canines,  and  acquired  a  horse  type  of  sknU,  skeleton,  and 
locomotion.  Scott  has  well  named  them  the  "  cursorial  rhi- 
noceroses." Colonoceras  probably  did  not,  as  Marsh  has  sug- 
gested, branch  oS  into  Diceratherium,  for  the  horns  of  this 
true  rhinoceros  are  developed  at  the  ends  of  the  nasals ;  the 
HyrachyinsB  sent  oflE  as  a  side  branch  the  deer-like  Triplopus 
of  the  Washakie,  and  terminated  in  the  Hyracodons  of  the 
lower  Miocene. 

The  Amynodons,  at  the  time  of  their  discovery  by  Marsh, 
were  naturally  supposed  to  be  the  long^sought  Eocene  rhinoce- 
roses, but  I  have  shown  that  no  Amynpdon  can  fill  this  rola 
Garman's  discovery  of  the  skull  of  the  remarkable  Miocene 
Metamynodon  tended  to  confirm  my  views,  and  I  have  now  to 
report  the  discovery  of  many  skulls  and  a  nearly  complete 
skeleton  by  the  American  Museum  Expedition.  This  proves 
that  the  Amynodontidse  were  remarkable  side  forms.  In  wide 
contrast  with  the  true  rhinoceroses,  the  upper  and  lower 
canines  develop  into  huge,  partly  recurved  tusKS,  like  those  of 
the  boar.  As  in  Elasmotherium,  the  premolars  become  greatly 
reduced,  and  the  molars  tend  to  hypsodontism.  The  lower 
molars  are  long  and  narrow,  like  those  of  the  anomalous  Cadur- 
cotherium  of  the  Oligocene  of  Europe — it  is  thus  rendered 
probable  that  Cadurcotherium  is  not  a  sloth,  as  Filhol  has  sug- 
gested, but  is  an  aberrant  rhinoceros,  related  to,  if  not  identi- 
cal with,  the  Amynodons.  The  hypsodontism  in  some  Meta- 
mynodon teeth  is  accompanied  by  a  partial  loss  of  enamel.  To 
complete  the  aberrant  character  of  this  family,  we  find  that  it 
has  four  equal-sized  and  completely  functional  toes  in  the  fore- 
foot, like  those  of  the  Titanotheres,  not  with  the  fifth  toe  re- 
duced as  in  the  contemporary  Aeeratheria. 

The  true  Rhinoceroses,  we  remember,  are  distinguished  by 
the  entire  loss  of  upper  canines.  Wortman  has  just  reported 
finding  rudimentary  upper  canines  in  both  the  milk  and  perma- 
nent dentitions  of  the  older  Miocene  species.  The  true  rhi- 
noceroses suddenly  appear  in  the  lower  Miocene  of  America 
and  Oligocene  of  Europe  ;  we  have  not  yet  traced  them  back. 
In  a  collection  of  lower  Miocene  skulls  recently  obtained  for 
the  American  Museum  we  find  that  the  premolars  are  still  very 
simple.  In  the  higher  Oreodon  beds  all  traces  of  the  superior 
canine  are  lost,  and  the  premolars  have  become  more  like  the 
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molars.  As  the  origin  of  the  rhinoceroses  still  remains  a  mys- 
tery, so  their  later  evolution  needs  clearing  up.  The  Ameri- 
can series  suddenly  terminate  in  the  huge,  hornless  forms  of 
the  upper  Miocene.  I  find  there  is  still  no  unanimity  of 
opinion  as  to  the  phyletic  relationships  of  the  Miocene,  Plio- 
cene and  existing  species  of  Europe. 

Succession  of  the  Artiodactyls, 

The  Eocene  Artiodactyl  phylogeny  is  still  far  behind  that  of 
the  perissodactyls,  but  the  Miocene  and  Pliocene  succession 
has  been  worked  up  with  great  success  and  clearness  by  Cope 
and  Scott.  The  latter  says  in  a  recent  paper :  "  All  the  great 
groups  of  Artiodactyla  are  seen  to  arise  independently  from 
the  Buno-Selenodonta  which  forms  as  it  were  a  lake,  from 
which  several  streams,  flowinff  partly  in  parallel  partly  in 
divergent  directions,  are  derived." 

The  Elotheriidse  appear  in  Parahyus  of  the  Bridger  and 
Acheenodon  of  the  Washakie,  and  terminate  in  the  middle 
Miocene  in  the  gigantic  Elotherium  ramosum^  an  animal  with 
a  skull  three  feet  long,  both  the  jaws  and  skull  being  armed 
with  long  branching  processes.  "The  true  bunodont  pigs  and 
peccaries  have  not  yet  been  found  lower  than  the  White  River. 

Scott  has  traced  the  Oreodons  back  to  Protoreodon  of  the 
top  of  the  Eocene.  The  aberrant  Agriochoeridse,  he  believes, 
were  doubtfully  connected  with  the  true  Oreodons  by  a  lower 
Eocene  stem  form.  The  true  Oreodons,  which  existed  in  great 
herds  in  the  lower  Miocene,  have  been  divided  by  Cope  and 
Scott  into  three  parallel  lines  extending  into  the  Loup  Fork, 
namely,  the  large  Merycochoerus,  the  medium-sized  Merychyus 
and  the  small,  highly-specialized  Pithecistes. 

The  Tragulines  are  represented  by  Leptoraeryx,  Hyper- 
tragulus  and  Hypisodus.  Leptomeryx  is  believed  to  be  a  side 
member  of  the  main  family. 

Here  I  may  speak  of  the  recent  discovery  of  the  characters  of 
the  Protoceratidae,  a  new  familv  with  a  remarkable  ensemble 
of  characters.  In  1891  Marsh  described  the  female  skull  of 
Protoceras  with  a  small  pair  of  parietal  protuberances.  The 
male  skull  was  found  by  the  American  Museum  party  of 
1892.  It  is  armed  not  only  by  upper  canine  tusks,  but 
by  four  pairs  of  cranial  protuberances,  two  of  which  might 
be  dignified  by  the  name  of  osseous  horns;  it  thus  presents 
the  armature  of  an  Uiutatherium  upon  a  small  scale.  Besides 
parietal  and  two  pairs,  of  frontal  protuberances,  there   are  a 

f>air  of  most  exceptional  maxillary  plates.     The  fore  foot  is 
ike  that  of  Tragulus,  while  the  hind  foot  is  didactyl  like  the 
deer.     We  can  at  present  form  no  idea  of  its  affinities. 
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The  oldest  American  Artiodactyl  certainly  known  is  the 
tritubercular  Pantolestes  of  the  Wahsatch.  Cope  believes  the 
line  of  American  Llamas  may  have  sprung  from  this,  and  have 
been  continued  through  Homacodon  of  the  Bridger.  The 
first  undoubted  cameloid  is  Leptotragulus  of  the  Uinta,  a  com- 
paratively recent  discovery.  It  has  strikingly  reduced  feet  for 
such  an  early  form.  Poebrotherium  of  the  White  River  and 
John  Day  has  quite  the  proportions  of  the  living  llama; 
thence  the  line  passes  into  Protolabis  of  the  Deep  River  and 
John  Day.  Scott  believes  that  these  forms  are  undoubtedly 
related  to  both  the  camels  and  llamas,  and  that  in  the  Loup 
Fork,  perhaps  in  the  two  species  of  Procamelus,  the  division 
occurs,  P.  angustidens  passing  into  the  camels,  and  P.  occi- 
dentalis  into  the  llamas.  The  Pliocene  Homocamelus,  Holo- 
meniscns  and  Eschatins,  Scott  believes  may  represent  a  highly 
specialized  side  line  of  camels ;  while  Pliauchenia,  still  imper- 
fectly known,  may  belong  on  the  llama  side. 

The  deer  represented  oy  Cosoryx  and  Blastomeryx  are,  so 
far  as  we  know,  not  of  American  origin,  for  they  first  appear 
in  the  Upper  Miocene  at  Loup  Fork. 

The  Ancylopoda. 

The  order  Ancylopoda  Cope  presents  the  most  signal  excep- 
tion to  the  law  of  correlation.  It  is  only  quite  recently  that 
Filhol,  Forsyth  Major  and  Dep6ret  have  brought  together  the 
sloth  like  phalanges  with  the  ungulate  type  of  teeth  of  the 
Chalicotheriidse.  Since  1825,  when  Cuvier  described  the 
phalanges  from  Eppelsheim  as  those  of  a  ^^  pangolin  gigan- 
teague^^  referring  to  their  deep  clefts,  and  1833,  when  Kaup 
named  the  teeth,  these  structures  were  always  considered  dis- 
tinct. It  is  probable  that  Moropus  and  other  supposed  Sloths 
described  by  Marsh  from  our  Miocene  also  belong  in  this 
exceptional  order.  As  now  restored  by  Filhol  and  myself, 
this  remarkable  Chalicotherium  had  a  gait  less  clumsy  than 
the  Sloth,  and  something  between  a  huge  cat  and  a  hoofed 
animal ;  it  combined  the  skull  of  a  primitive  ungulate  with 
the  molars  of  an  eocene  titanothere,  for  the  premolars  are 
simple.  The  limbs,  wrist  and  ankle  bones  are  chiefly  ungulate 
and  perissodactyl.  In  viewing  this  combination  of  characters, 
the  first  question  to  settle  is  which  set  of  characters  is  second- 
ary and  adaptive.  I  agree  with  Dep6ret,  as  against  Filhol 
who  regards  this  as  an  aberrant  edentate,  that  the  unguiculate 
characters  are  secondary ;  but  I  do  not  believe  it  is  very  near 
the  Perissodactyla.  It  seems  to  have  sprung  rather  from  the 
primitive  ungulate  stem  before  it  had  parted  with  its  ungui- 
culate characters.     Perhaps  it  came  on  from  the  Wahsatch 
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Meniscotheriura,  a  member  of  the  Condylarthra,  which  it  very 
closely  resembles  in  its  skull  and  molar  stractare  and  in  its 
dental  curve.  Marsh,  by  the  way,  has  just  added  to  our 
knowledge  of  this  little  Wahsatch  genus  by  describing  its  fore 
and  hind  feet,  which  are  more  primitive  than  those  of  Phena- 
codus  or  Hyrax.  While  the  Creodonta  were  imitating  all 
modern  carnivores,  is  it  not  posssible  that  the  Oondylarthra 
gave  off  a  sloth-like  form  for  fossorial  and  semi-arboreal  habits? 

Last  summer  while  this  problem  was  being  discussed,  we 
were  brought  face  to  face  with  the  exact  counterpart  of  Chalico- 
therium  which  may  be  called  a  clawed  odd-toed  form,  by  the 
surprising  discovery  of  a  hind  foot,  which  represents  a  dawed 
even-toed  animal.  This  was  found  by  the  American  Museum 
party  in  the  Protoceras  beds  of  South  Dakota,  and  has  been 
named  Artionyx.  This  foot  has  a  truly  Artiodactyl  tarsus  and 
metatarsus  like  that  of  the  pigs  or  oreodons.  Yet  it  possesses 
five  toes  terminating  in  large  uncleft  claws.  It  has  been  sug- 
gested by  Wortman  and  myself  that  it  represents  an  Artiony- 
chine  (even-clawed)  division  and  that  Chalicotherium  repre- 
sents a  Perissonycnine  (odd-clawed)  division  of  the  Ancylo- 
poda ;  in  other  words,  that  a  double  parallelism  exists  with  the 
Ungulata.  Another  explanation  may  be  that  these  genera  are 
highly  specialized  Artioaactyla  and  Perissodactyla  respectively ; 
Scott  has  made  the  ingenious  suggestion,  tending  to  support 
this  theory,  that  the  Artionyx  foot  is  the  long  unknown  foot 
of  the  aberrant  oreodont  Agriochoerus  of  Leidy.  This  sum- 
mer will  probably  determine  the  truth  of  this  suggestion,  for 
two  parties  are  hunting  in  the  beds  in  which  Agriochoerus  and 
Artionyx  occur. 

Thus  an  immense  number  of  problems  still  await  solution, 
and  demand  the  generous  cooperation  of  European  and  Amer- 
ican specialists  in  the  use  of  similar  methods  of  research,  in 
the  prompt  publication  of  descriptions  and  figures,  and  in  the 
free  use  of  museum  collections.     I  may  be  pardoned  for  calling 

feneral  attention  to  the  service  which  the  palseontologicai 
epartment  of  the  American  Museum  is  trying  to  render  in 
the  immediate  publication  of  stratigraphical  and  descriptive 
tables  of  western  horizons  and  localities. 

Tfie  Factors  of  Evolution, 

A  few  words  in  conclusion  upon  the  impressions  which  a 
study  of  the  rise  of  the  mammalia  gives  as  to  the  factors  of 
organic  evolution.  I  refer  also  to  recent  papers  by  Cope, 
Scott  and  myself. 

The  evolution  of  a  family  like  the  Titanotheres  presents 
an  uninterrupted   march  in  one  direction.     While  apparently 
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proeperoas  and  attaining  a  great  size,  it  was  really  passing  into 
a  great  corral  of  inadaptation  to  the  grasses  which  were  mtro- 
dnced  in  the  middle  Miocene.  So  with  other  families  and 
lesser  lines,  extinction  came  in  at  the  end  of  a  term  of  develop- 
ment and  high  specialization.  With  other  families  no  causes 
for  extinction  can  be  assigned,  as  in  the  lopping  off  of  the 
smaller  Miocene  perissodactjls.  The  point  is  that  a  certain 
trend  of  development  is  taken  leading  to  an  adaptive  or  in- 
adaptive  final  issue — but  extinction  or  survival  of  the  fittest 
seems  to  exert  little  influence  en  route. 

The  changes  en  route  lead  us  to  believe  either  in  predestina- 
tion— a  kind  of  internal  perfecting  tendency,  or  in  kineto- 
genesis.  For  the  trend  of  evolution  is  not  the  happy  resultant 
of  many  trials,  bat  is  heralded  in  structures  of  the  same  form 
all  the  world  over  and  in  age  after  age,  by  similar  minute 
changes  advancing  irresistibly  from  inutility  to  utility.  It  is 
an  absolutely  definite  and  lawfal  progression.  The  infinite 
number  of  contemporary  developing  degenerating  and  station- 
ary characters  preclude  the  possibility  of  fortuity.  There  is 
some  law  introducing  and  regulating  each  of  these  variations, 
as  in  the  variations  of  individual  growth. 

The  limits  of  variation  seem  to  lie  partly  in  what  I  have 
called  the  "  potential  of  evolution."  As  the  oosperm  or  fer- 
tilized ovum  is  the  potential  adult,  so  the  Eocene  molar  is  the 
potential  Miocene  molar.  We  have  seen  that  the  variations  of 
the  horse  and  rhinoceros  molars,  apparently  so  diverse,  are 
really  uniform, — ^is  not  this  evidence  that  the  stem  peris- 
sodactyl  had  these  variations  in  potential,  waiting  to  be  called 
forth  by  certain  stimuli  ?  This  capacity  of  similar  develop- 
ment under  similar  stimuli  is  part  of  the  law  of  mammalian 
evolution,  but  this  does  not  decide  the  crucial  point  whether 
the  stimulus  is  spontaneous  in  the  germ  or  inherited  from  the 
parent.     I  incline  to  the  latter  opinion. 

Columbia  College,  August  3,  1893. 
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Art.  LXIl. — On  the  Thoracic  Legs  of  Triarthrua ;  by 

'C.  E.  Beecher.* 

The  firet  conclusive  evidence  of  the  presence  of  leffs  and 
gills  in  the  TrUobita  was  given  in  1876  by  C.  D.  Walcott,t 
who  by  means  of  translucent  sections  was  enabled  to  demon- 
strate their  existence  in  four  genera,  and  to  indicate  several 
important  points  in  their  structure.  The  genera  shown  to 
possess  1^  were  Ceraurvs^  Calymene^  Aaaphua^  and  Acid- 
aspis.  Various  announcements  of  the  discovery  of  the  legs 
of  trilobites  had  been  made  previously,  but,  with  the  excep- 
tion of  a  specimen  described  by  Billings  in  1870,  these  proved 
to  be  erroneous  determinations.  Walcott  has  since  made 
further  studies,  and  brought  together  his  conclusions  in  a  paper 
published  in  1881.:]:  Until  1893,  no  additions  of  note  have 
been  made  beyond  those  confirming  the  fact  that  these  animals 
possessed  jointed  legs.  The  specimens  investigated  by  Walcott 
consisted  chiefly  of  coiled  individuals  in  which  the  body  cavity 
was  filled  with  calcite  and  clayey  matter.  There  was  no  actual 
mineralization  of  the  appendages,  but  the  fillings  of  the  cavi- 
ties left  by  the  decay  of  these  organs  served  to  show  their 
general  form.  On  account  of  their  enrolled  condition,  con- 
siderable difiiculty  was  experienced,  and  there  was  also  a  liabil- 
ity to  error  in  attempting  to  determine  the  precise  characters 
of  the  organs  observed.  Notwithstanding  these  drawbacks, 
some  of  the  main  points  in  the  ventral  anatomy  of  these  ani- 
mals were  established. 

The  occurrence  of  Triarthrus  BecTci  Green,  in  an  excep- 
tionally perfect  state  of  preservation,  from  the  TJtica  Slate 
near  Kome,  N.  Y.,  has  already  been  noticed  in  this  Journal.  § 
In  their  present  condition,  the  specimens  contain  very  little 
calcareous  matter,  and  nearly  the  entire  calcareous  and  chiti- 
nous  portions  of  the  animal  are  represented  by  a  thin  film  of 
iron  pyrite.  To  this  kind  of  fossilization  is  doubtless  due  the 
preservation  of  delicate  organs  and  structures  which  otherwise 
would  have  been  destroyed.  For,  as  is  well  known,  pyrite 
may  replace  such  organic  tissues  as  chitine  or  even  soft  dermal 
structures,  the  change  occurring  by  the  slow  decomposition  of 

♦Abstract  of  a  paper  "On  the  Structure  and  Development  of  Trilobites'' 
read  before  the  National  Academy  of  Sciences,  November  8,  1893. 

\  Preliminary  Notice  of  the  Discovery  of  the  remains  of  natatory  and  bran- 
chial appendages  of  Trilobites.  28th  Ann.  Kept.  N.  Y.  State  Museum  of  Natural 
History,  published  in  advance.  December,  1876. 

\  The  Trilobite:  new  and  old  evidence  relating  to  its  organization.  Bulletin  of 
the  Museum  of  Comparative  Zoology,  vol.  viii.  No.  10,  1881. 

g  Vol.  xlvi,  pp.  121-125,  378-379,*  August  and  November,  1893. 
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these  tissaes  in  the  presence  of  iron  sulphate  in  solntipn,  or 
from  the  action  of  hydrogen  sulphide  as  a  result  of  deoompo- 
sition  in  a  chalybeate  water. 

It  was  apparent  that  specimens  preserving  organs  so  delicate 
as  antennae  ought  to  show  in  addition  other  anatomical  features 
of  gre^t  interest.  This  expectation  has  been  fully  realized  in 
the  study  and  preparation  of  the  collection  belonging  to  the 
Yale  University  Museum,  but  at  present  it  is  proposed  to  give 
only  a  preliminary  description,  and  to  figure  some  of  the 
details  of  the  thoracic  legs. 

No  essential  differences  have  been  observed  in  the  series  of 
legs  attached  to  the  segments  of  the  thorax.  Each  segment 
bears  a  pair  of  biramous  appendages  originating  at  the  sides  of 
the  axis  (Walcott).  The  anterior  legs  are  the  longest  and  the 
others  gradually  become  shorter  towards  the  pygidium.  Those 
which  are  here  taken  for  description  are  the  legs  of  the  second 
and  third  free  thoracic  segments.  The  entire  length  of  the 
legs  has  been  exposed,  from  the  dorsal  side,  by  removing  the 
overlying  pleurae  of  the  thorax  which  concealed  nearly  half 
their  length.  Each  limb  consists  of  two  nearly  equal  members, 
one  of  which  was  evidently  used  for  crawling  and  the  other 
for  swimming.  These  two  members  and  their  joints  may  be 
correlated  with  certain  typical  forms  of  Crustacean  legs  among 
the  Sohizqpoda,  Oicmaeea,  and  Decapoda^  and  may  be  de- 
scribed in  the  same  terms.  Therefore,  each  limb  is  composed 
of  a  stem,  or  shaft,  with  an  outer  branch  (exopodite),  and  an 
inner  branch  (endopodite).  Figure  3  shows  the  joints  of  the 
stem  (6,  7),  the  exopodite  {ex^  1  and  2),  and  the  endopodite 
{en,  1-5).  The  precise  details  of  the  coxal  joint  of  the  stem 
(coxopodite)  have  u  )t  yet  clearly  been  made  out.  It  is  fol- 
lowed by  a  broad  joint  about  twice  as  long  as  wide,  which  may 
be  referred  to  the  protopodite. 

The  endopodite  was  the  member  used  for  crawling,  as  in 
the  Schizopoda.  The  three  proximal  joints,  the  ischiopodite 
(5),  meropodite  (4),  and  carpopodite  (-3),  are  similar  in  form  to 
the  protopodite  (6),  and  taper  gradually  outwards.  The  distal 
portion  is  completed  by  two  shorter  cylindrical  joints,  the  pro- 
podite  (2)  and  the  dactylopodite  (1),  the  latter  bearing  at  its 
extremity  short  setae,  or  bristles,  of  which  three  are  commonly 
to  be  seen. 

The  other  member,  the  exopodite,  lies  over  the  endopodite. 
It  apparently  articulates  with  the  protopodite,  but  may  spring 
from  what  is  here  referred  to  the  coxopodite,  as  its  basal  por- 
tion is  very  broad  and  originates  close  to  the  articulation  of 
protopodite  with  the  coxal  joint.  The  proximal  joint  of  the 
exopodite  (2)  is  somewhat  arched  and  tapers  rapidly.  It  ex- 
tends to   the  ends   of  the  pleurae,  and  is  the  longest  joint  of 
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either  branch.  The  posterior  edge  is  finely  denticnlate,  and 
carneB  a  row  of  long  setse.  The  distal  portion  (i)  is  mnltiar- 
ticulate,  heing  composed  of  ten  or  more  joints.  In  general 
form,  it  is  slightly  crescentic,  with  the  margins  thickened,  the 
anterior  one  being  strongly  crehulated.  Long  setse  extend 
posteriorly  from  the  crennlations  on  the  dorsal  side  of  tiie  leg, 
niaking  a  conspicuons  fringe  along  the  distal  half  of  the 
ezopoaite. 


FlouBB  \.  —  Triarthras  Becki  Green  ;  dorsnl  view;  abowing  aateDDte  and  paired 
crawliDg  and  Bwlroming  thoracic  lega  x  3.  (The  aoteanffi  and  legs 
on  right  Bide  are  from  one  speclmeo  x  3,  and  the  lega  of  the  right 
Bide  are  drawn  from  a  Bmaller  individual  x  6). 

FiODRB  3. — Triarthraa  Becki  Green;  dorsal  view  of  riglit  legs  of  aecond  and 
third  free  thoraeio  segments,      x  12, 

FIOCRB  3.— The  aame,  with  setce  omitted  from  II,  to  show  details  of  structure; 
ei,  e^opodite ;  ea,  endopodite.    The  setse  are  repreaenled  on  III.    x  12 

Fignre  1  represents  a  dorsal  view  of  Triartkrua  Becki, 
showing  the  antennsB  and  the  exposed  portions  of  the  append- 
ages. The  antennae  and  legs  on  the  right  side  are  drawn  from 
one   specimen,  and  the  legs  on  the  left  side  are  as  shown  in 
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another  individual.  The  biramous  character  of  the  entire 
series  of  thoracic  legs  is  very  evident,  as  is  also  the  distinction 
between  the  crawling  and  swimming  members.  Figure  2 
shows  the  right  second  and  third  legs  of  the  free  thoracic  seg- 
ments. In  ngure  8,  the  upper  exopodite  is  represented  with- 
out setse,  so  as  to  bring  out  the  structure  in  greater  detail. 
On  the  lower  leg  the  setse  are  shown. 

It  is  not  proposed  at  this  time  to  make  any  extensive  com- 
parisons or  homologies  with  other  groups  of  Crustacea,  as  the 
appendages  of  the  head  and  pygidium  still  require  further 
description  and  illustration,  and  will  be  the  subject  of  a  future 
contribution.  It  is  evident,  however,  that  the  relations  of  the 
trilobites  are  with  the  Entomostraca  and  Malacoatraca.  More- 
over, like  the  Leptostraca  {Nebalia\  the  IVilobita  probably 
constitute  an  intermediate  type  having  affinities  with  tne  Mtto- 
mostraca  chiefly  in  the  irregular  segmentation,  and  with  the 
lower  forms  of  the  Malacoatraca  (as  the  ScMzqpoda,  Cumacea^ 
and  Aniaopoda)  in  the  detailed  structure  of  the  limbs. 


Art.  LXIII. — On  the  Diamond  in  the  Cafion  Diablo  Meteoric 
Iron  and  on  the  hardneaa  of  Carborundum  ;  by  George 
Frederick  Kunz  and  Oliver  W.  Huntington,  Ph.D. 

The  discovery  of  diamonds  in  the  Cafion  Diablo  meteoric 
iron  was  first  announced  by  Dr.  A.  E.  Foote  in  this  Journal 
for  July,  1891  (vol.  xlii,  pp.  413-417),  He  found  in  the  cut- 
ting of  this  meteorite  that  it  was  of  extraordinary  hardness,  a 
day  and  a  half  of  time  being  consumed  and  chisels  destroyed 
in  the  process  of  removing  a  section.  In  cutting,  the  chisels 
had  fortunately  gone  through  a  crevice  filled  with  small  cavi- 
ties. The  emery  wheel  used  to  polish  this  surface  was  ruined, 
and  on  examination  the  exposed  cavities  were  found  to  contain 
hard  particles  which  cut  tnrough  polished  corundum  as  easily 
as  a  knife  cuts  gypsum.  The  grains  exposed  were  small  and 
black,  and  Professor  Geo.  A.  Koenig  pronounced  them  dia- 
monds because  of  their  hardness  and  indifference  to  chemical 
agents.  The  extreme  hardness  was  subsequently  veritied  by 
one  of  us  (G.  F.  Kunz),  who  carefully  examined  the  type 
specimen. 

On  July  8,  1892  (Science,  p.  15),  Dr.  Oliver  Whipple 
Huntington  gave  the  result  of  his  experiments  with  this  re- 
markably interesting  Canon  Diablo  iron.  Taking  one  hun- 
dred grams  of  the  iron  he  placed  it  in  a  perforated  platinum 
cone  suspended  in  a  platinum  bowl  filled  with  acid,  the  cone 
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being  made  the  positive  pole  and  the  dieh  the  negative  pole  of 
a  Bunsen  cell.  The  iron  was  slowly  dissolved,  leaving  on  the 
cone  a  large  amount  of  black  slime.  This  was  carefully  col- 
lected, digested  over  a  steam  bath  for  many  hours,  first  with 
aqua  regia,  and  afterwards  strong  hydrofluoric  acid.  A  con- 
siderable part  of  the  residue  disappeared,  but  there  remained 
a  small  amount  of  white  grains  which  resisted  the  action  of 
the  acids.  These  particles,  when  carefully  separated  by  hand, 
had  the  appearance  of  fine  beach  sand.  ITnder  the  microscope 
they  were  found  to  be  transparent  and  of  brilliant  luster.  One 
of  the  grains  was  then  mounted  upon  a  point  of  metallic  lead, 
which,  when  drawn  across  a  watch  crystal,  was  found  to  give 
the  familiar  singing  noise  characteristic  of  a  glass  cutter^s  tool 
and  with  the  same  result,  namely,  cutting  the  glass  completely 
through.  It  deeply  cut  glass,  topaz,  and  a  polished  sapphire. 
These  facts,  first  announced  in  Science,  April  8,  1892,  were 
presented  at  the  meeting  of  the  American  Academy  of  Arts 
and  Sciences  on  May  11,  1892,  and  were  published  in  the  Pro- 
ceedings of  this  Academy,  new  series  vol.  xxii,  pages  252-253. 

Later  M.  C.  Friedel  says  in  the  Bulletin  de  la  Soci6t6  Fran- 
caise  de  Mineralogie,*  that  he  took  a  fragment  of  the  Gallon 
Diablo  meteorite  weighing  34  grams,  which  gave  the  charac- 
teristic Widmannstattian  figures,  and  treated  it  with  hydro- 
chloric acid.  He  digested  the  residue  in  aqua  regia  and  ob- 
tained a  black  powder.  After  various  treatments  he  thus 
separated  about  '35  gram  of  a  powder  which  he  presented  to 
the  Academy.  The  powder  sank  in  a  solution  of  the  iodide 
of  methyl  having  a  density  of  3*3.  No  grains  measuring  more 
than  "S""*  to  *8°™  were  found,  the  powder  being  fine  and  impal- 
pable, capable  of  scratching  corundum.  He  also  burned  some 
of  the  black  residue,  and  as  a  product  obtained  00,. 

At  the  meeting,  above  referred  to,  of  the  Academy  of  Arts 
and  Sciences,  Dr.  Huntington  showed  to  the  members,  under  a 
microscope,  the  slightly  yellow  transparent  grains  he  had  ob- 
tained, and  called  attention  to  their  adamantine  luster.  Not 
enough  of  the  clear  material  was  obtained  at  the  time  for  a 
chemical  test,  and,  on  account  of  the  association  of  the  dia- 
mond grains  with  amorphous  carbon,  such  a  test  would  not 
have  been  conclusive  without  a  perfect  mechanical  separation. 
One  of  us  (G.  F.  Kunz)  suggested  that,  if  enough  of  the  clear 
grains  could  be  obtained  to  polish  a  diamond,  it  would  con- 
clusively prove  that  the  material  was  diamond.  For  this  pur- 
pose about  200  pounds  of  the  meteoric  iron  was  carefully 
examined,  and  specimens  which  appeared  to  contain  diamonds 
were  dissolved.     The  method  used  will  be  published  by  one  of 

*  Xo.  9,  p.  258,  Dec,  1892. 
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us  (O.  W.  Huntington)  later.  After  enoagh  material  had 
been  separated  by  Dr.  Huntington,  on  Monday,  September  11, 
1893,  through  the  courtesy  of  Messrs.  TifEany  &  Co.,  we  were 
enabled  to  try  the  desired  experiment  in  their  diamond  cutting 
pavilion  in  the  Mining  Building  of  the  World's  Columbian 
Exposition,  they  having  prepared  a  new  skaif  or  wheel,  meas- 
uring lOJ  inches  in  diameter,  which  was  placed  in  position, 
the  wheel  having  been  specially  planed  down  and  prepared 
with  the  radiating  scratches  se  as  to  be  easily  charged  with 
diamond  powder.  A  diamond  was  then  soldered  in  a  metal 
dopp  and  placed  on  the  clean  wheel,  which  made  2,500  revo- 
lutions to  the  minute.  This  diamond  was  tried  for  more  than 
five  minutes  by  itself  without  the  slightest  polish  being  pro- 
duced, and  no  markings  other  than  such  as  would  be  produced 
by  the  minute  shattering  of  the  diamond  at  extreme  edges,  due 
to  the  friction,  as  when  a  diamond  is  placed  on  an  uncharged 
wheel.  At  9 :  20  a  cleavage,  weighing  five  thirty-seconds 
of  one  carat  was  set  with  solder  in  the  metal  dopp  which  was 
placed  on  the  wheel.  The  diameter  of  the  wheel  where  the 
diamond  was  to  be  placed  was  four  inches.  The  wheel  was 
then  charged  with  the  residue  from  the  meteorite  (the  powder 
mixed  as  usual  with  oil).  The  moment  that  the  diamond  was 
placed  on  the  wheel  a  hissing  noise  was  apparent,  showing  to 
an  expert  that  the  material  was  really  cutting  the  diamond. 
At  9  :  23  a  flat  surface  measuring  3™™  by  V^^  had  been  ground 
down  and  polished.  At  9  :  30  a  small  crystal  with  a  natural 
face  up  was  set  in  the  metal  dopp,  the  crystal  being  a  small 
natural  complex  twin  weighing  four  thirty-seconds  of  one  carat. 
It  was  first  tried  on  a  projecting  angle.  The  cutting  was  very 
slow  for  a  time,  as  the  natural  face  of  a  diamond  is  always  ex- 
ceedingly hard.  The  position  of  the  stone  was  then  slightly 
changed,  and  a  face  measuring  2'"°*  by  1°*°^  was  ground  on  the 
stone  and  cut.  Three  minutes  later  the  surface  had  been  cut 
down  somewhat  and  a  decided  polish  was  produced  on  the  tri- 
angular face,  which  was  3™°"  by  1*25.  The  fragment  used  was 
one  of  the  octahedral  faces  of  a  crystal.  The  face  ground 
down  was  at  the  angle  of  45  degrees  with  the  octahedral  face. 
The  entire  time  of  this  experiment  was  15  minutes.  The  two 
experiments  having  been  made  with  great  care  with  both  of  us 
present,  we  cannot  hesitate  to  pronounce  the  material  diamond 
or  a  substance  with  the  same  hardness,  color,  luster  and  bril- 
liancy. 

In  August  last,  one  of  us  (G.  F.  Kunz)  while  exam- 
ining the  hardness  of  '' carborundum,"  a  carbide  of  silicon, 
made  by  Mr.   Acheson  of  Pittsburg,*  it  was  found  that  it 

*  See  Engineering  and  Mining  Journal. 
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readily  scratched  red,  blue,  white,  pink,  and  yellow  cornndanfi 
in  the  form  of  fine  gems.  It  having  been  suggested  that  this 
material  would  cut  and  polish  a  diamond,  an  experiment  was 
made  on  a  new  wheel  After  several  trials  had  been  made,  it 
was  found  that  carborundum  would  not  scratch  or  polish  the 
diamond,  but  on  the  other  hand  it  was  easily  scratched  by 
diamond  cleavages,  and  crystal  faces.  This  experiment  is  onlv 
mentioned  as  it  precludes  any  possibility  of  the  material  whicn 
has  been  found  in  the  Cailon  Diablo  meteorite  being  any  such 
compound  of  carbon  and  silicon,  such  as  the  new  and  interest- 
ing abrasive  material  just  mentioned.  But  it  establishes  the 
fact  that  we  have  an  artificial  substance  that  exceeds  all  natu- 
ral substances  except  the  diamond  in  hardness,  i.  e.  being 
harder  than  9 — but  still  far  distant  from  10. 


SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  the  Mass-composition  of  Water. — The  mass  composition 
of  water  has  been  determined  with  great  care  by  Dittmae  and 
Henderson,  the  synthesis  being  accomplished  by  the  action  of 
hydrogen  on  copper  oxide.  A  specially  devised  apparatus  was 
employed  for  the  purpose  consisting  of  the  reduction  tube,  with 
the  necessary  purifying  and  drying  train  before  it  and  the  water 
receptacle  and  drying  tubes  after  it.  About  115  grams  copper 
oxide  was  placed  in  the  reduction  tube,  and  this  was  heated  on  a 
magnesia  bath  in  a  current  of  dry  air.  The  next  day  the  tube 
was  exhausted,  filled  with  hydrogen,  allowed  to  assume  the 
temperature  of  the  balance  case,  again  exhausted  noting  the 
pressure,  and  weighed.  The  apparatus  was  thus  connected  to- 
gether, several  liters  of  hydrogen  were  passed  throup^h  it  to  free  it 
of  air,  and  the  reduction  tube  was  heated.  The  reduction  of  the 
copper  oxide  takes  place  below  redness,  the  water  receptacle 
being  cooled  first  by  ice  and  then  by  water.  After  the  reduction 
is  complete,  the  apj)aratus  is  allowed  to  cool,  the  hydrogen  con- 
tained in  it  is  replaced  by  dry  air,  and  its  various  ])arts  are  dis- 
connected and  weighed.  The  loss  of  weight  of  the  tube  gives 
the  mass  of  oxygen  employed  and  the  increase  of  weight  of  the 
water  flask  and  its  drying  tubes,  the  mass  of  water  produced. 
The  values  obtained  w^ere  carefully  corrected.  The  first  series  of 
experiments  was  made  to  test  the  apparatus  and  to  acquire  famil- 
iarity with  it.  The  results  of  the  second  series  show  that  as  a 
mean  of  the  experiments  8  grams  of  oxygen  required  1*00879 
grams  of  hydrogen  to  form  water ;  the  result  of  the  seven  best 
experiments  being  1*00848  grams.      Hence  they   adopt  as  the 
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atomic  mass  of  hydrogen  1'0085  (O  =  16)  ;  or  calling  the  atomic 
mass  of  hydrogen  1,  the  value  16 '866,  practically  15*87  as  the 
atomic  mass  of  oxygen.  The  atomic  mass  of  hydrogen  has  been 
found  by  Stas  to  be  l-OOVS,  by  Cooke  and  Richards  1'0083,  by 
Noyes  l'00'72,  by  Lord  Rayleigh  1*0069  and  by  Reiser  1-0032.— 
Chem.  News,  Ixvii,  64,68,  77,  90,  104,  116,126,  139,  151,  164, 
1893.  G.  F.  B. 

2.  On  the  Constitution  of  Hydrogen  peroxide  and  of  Ozone, — 
In  1886,  Traube  expressed  the  opinion  that  hydrogen  peroxide 
contains  its  oxygen  atoms  doubly  united,  so  that  this  substance 
is  a  compound  of  an  oxygen  molecule  with  two  hydrogen  atoms, 
Hj, .  O  =  O.  In  support  of  this  view  he  now  brings  forward  cer- 
tain significant  facts.  In  the  first  place,  no  instance  is  known  of 
the  formation  of  hydrogen  peroxide  by  the  oxidation  of  water, 
the  author's  experiments  showing  that  it  is  produced  syntheti- 
cally only  by  the  action  of  molecular  oxygen  upon  hydrogen. 
Thus  it  is  formed  at  the  kathode  of  the  voltameter,  where  the 
evolved  hydrogen  meets  gaseous  oxygen.  It  is  produced  in 
processes  of  slow  combustion,  as  in  the  case  of  zinc  for  example, 
where  the  hydrogen  set  free  from  the  water  comes  in  contact 
with  oxygen  gas.  It  is  also  generated  by  the  combustion  of 
hydrogen  and  also  by  the  action  of  hydrogen  palladium  upon 
oxygen.  In  the  second  place,  hydrogen  peroxide  exerts  an  oxi- 
dizing action  only  upon  strongly  reducing  substances,  being  then 
rearranged  into  two  hydroxy!  groups  which  unite  directly; 
Zn  +  Hj03=  Zn(OH),.  That  these  hydroxyl  groups  do  not  pre- 
exist in  the  peroxide  appears  to  the  author  to  follow  from  the 
complete  indifference  which  this  substance  shows  compared  with 
other  oxidizing  agents.  Thus  Sch5nbein  found  that  it  does  not 
react  at  once  upon  either  phosphorus  or  phosphorus  acid. 
Welzien  states  that  the  titer  of  a  peroxide  solution  did  not 
change  after  standing  over  phosphorus  for  two  months;  and 
Schonbein  observed  that  this  substance  could  even  be  distilled 
with  ether  without  decomposition.  In  alcohol,  according  to 
Lustig,  the  peroxide  remains  unaltered  even  in  presence  of  sul- 
phuric acid.  In  very  dilute  solution,  it  liberates  iodine  from 
potassium  iodide  only  very  slowly  and  potassium  oxalate  may  be 
boiled  with  it  without  being  oxidized.  In  further  proof  that 
hydrogen  peroxide  does  not  consist  of  two  hydroxyl  groups,  the 
author  notes  the  fact  that,  were  this  the  case  it  should  be  ob- 
tained by  the  electrolysis  of  barium  hydroxide;  whereas  no  trace 
of  it  is  produced  in  this  process,  only  ordinary  oxygen  appearing 
at  the  anode.  Ozone  resembles  hydrogen  peroxide  in  many  re- 
spects.    If  the  constitution  of  the  latter  is  H-O-O-H,  that  of  the 

latter  must  be     vTT,   ,  its  three  atoms  having  the  same  chemical 

value.  But  if  hydrogen  peroxide  is  H, .0  =  0  and  ozone 
0.0  =  0  the  doubly  united  atoms  will  react  differently  from  the 
third  atom.  This  latter  case  appears  to  be  the  fact.  Thus  when 
ozone  acts  on  sulphurous  oxide  80^  +  03  =  SO, -j-Oj.     Moreover 
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ozone  and  hydrogen  peroxide  react  thus:  0, 4-  H,0,  =  II  O  +  (O,),; 
whereas  on  the  single  bond  theory  0,4-(H,0,)3  =  (H,0),4-(0,), 
would  represent  the  reaction.  In  these  cases  only  one  atom  of 
the  oxygen  appears  to  be  active.  80  potassium  tetroxide  which 
is  ordinarily  written  K-O-O-O-O-K,  actually  absorbs  oxygen  in 
spite  of  its  large  content  of  this  substance,  and  reduces  readily 
acid  solutions  of  potassium  permanganate.  None  of  its  oxygen 
atoms  therefore  are  active,  and  on  treatment  with  acid  it  decom- 
poses into  hydrogen  peroxide  and  ordinary  oxygen,  indigo-sul- 
phuric acid,  if  present  in  the  solution,  remaining  unafiected. 
Hence  the  author  writes  its  formula  K.O  =  0.0=:O.K.  Such 
substances  as  these,  which  are  not  active  oxidizers,  the  author 
thinks  should  not  be  calle<l  peroxides.  He  has  proposed  the  name 
^^holoxides"  for  them,  to  indicate  that  the  oxygen  atoms  are 
doubly  united  in  them  and  exist  as  a  molecule.  While  water  is  a 
compound  of  one  atom  of  oxygen,  hydrogen  holoxide  is  a  com- 

Eound  of  one  molecule  of  oxygen  with  two  atoms  of  hydrogen, 
[e  suggests  too  that  oxygen  may  be  trivalent;  and  in  that  case 
would  write  the  constitution  of  hydrogen  holoxide  H-0  =  0-H, 
of  potassium  holoxide  K-0  =  0-0  =  0-K. — Ber,  JSerl.  Cfiem. 
Ges.^  xxvi,  1471,  1476,  June,  1893.  g.  f.  b. 

3.  On  the  formation  of  Ozone  at  high  Temperatures, — ^The 
peculiar  odor  of  the  oxygen  made  from  a  mixture  of  potassium 
chlorate  and  manganese  dioxide  has  long  been  recognized,  and 
has  generally  been  confounded  with  that  of  chlorine.  Schonbein, 
Chevreul,  PoggendoriF  and  others  mention  chlorine  as  being 
evolved  in  this  reaction  and  Marignac  says  he  obtained  3  mgrms.  of 
silver  chloride  from  the  oxygen  evolved  from  50  grams  potassium 
chlorate.  Brunck,  reasoning  that  if  the  chlorate  really  gave  oiF 
chlorine  on  heating,  free  alkali  would  be  formed  and  should  exist 
in  the  residue  either  as  such  or  in  the  form  of  potassium  manga- 
nate,  has  carefully  examined  this  residue  and  tinds  it  to  be  com- 
pletely colorless  and  perfectly  neutral.  This  fact,  taken  in  con- 
nection with  the  property  possessed  by  the  odorous  gas,  even 
after  washing  with  strong  potash  solution,  of  bluing  paper  mois- 
tened with  potassium  iodide  and  starch,  led  the  author  to  assume 
that  this  gas  must  be  ozone.  Experiments  made  with  ozonized 
oxygen  showed  that  ozone  may  exist  not  only  at  the  temperature 
of  decomposition  of  j)Otassium  chlorate  but  even  for  a  short  time 
at  a  red  heat;  only  80  percent  of  a  gas  thus  i)repared  being 
destroyed  by  passing  it  throuu;!!  a  combustion  tube  heated  to 
850°.  The  quantity  passing  did  not  materially  diminish  when 
the  temperature  of  the  tube  reached  a  dull  red.  Comparative 
tests  were  made  between  oxygen  evolved  Irom  the  chlorate  mix- 
ture and  oxygen  ozonized  in  a  Siemens  tube.  Both  samples  set 
iodine  free  from  neutral  potassium  iodide,  oxidize  alcohol  to  alde- 
hyde, lose  their  properties  when  passed  over  manganese  dioxide 
at  ordinary  temperatures,  and  are  unchanged  by  washing  with 
strong  potash  solution.  Though  these  results  establish  the  iden- 
tity of  the  odorous  gas  with  ozone,  yet  it  differs  in  some  particu- 
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lars  from  the  ordinary  forms  of  this  substance.  Thus  its  odor  is 
exactly  that  of  chlorine,  its  permanence  is  greater  at  high  temper- 
atures, as  is  shown  by  the  mode  of  its  production,  it  does  not 
act  upon  a  mercury  surface,  and  organic  bodies  such  as  caout- 
chouc, are  far  less  readily  attacked  by  it.  Moreover,  the  author 
observed  that  while  pure  j)0ta8sium  chlorate  yields  perfectly  pure 
oxygen,  the  slightest  trace  ot  any  indifferent  substance  such  as 
potassium  chloride  or  even  silica,  causes  the  production  of  ozone. 
Hence  the  purest  chlorate  of  commerce  yields  an  oxygen  contain- 
ing ozone.  A  mixture  of  equal  parts  pure  chlorate  and  manga- 
nese dioxide  gave  on  heating  a  gas  containing  0*3  per  cent  of 
ozone;  and  when  the  dioxide  was  increased  to  25  times  the  mass 
of  the  chlorate,  the  ozone  present  amounted  to  1*55  per  cent. 
Investigation  showed  that  this  action  was  not  produced  by  all 
oxides,  and  that  oxides  may  be  divided  into  three  classes':  (1) 
those  which  are  indifferent,  such  as  the  oxides  of  iron,  copper 
and  zinc  ;  (2)  those  which  heated  by  themselves  in  an  atmosphere 
free  from  oxygen  to  the  temperature  of  decomposition,  yield 
ozone,  this  ozone  increasing  in  amount  by  heating  them  in  a  cur- 
rent of  oxygen  but  is  absent  when  the  oxide  is  heated  with  chlo- 
rate, such  as  the  oxides  of  silver  and  mercury  and  the  peroxides 
of  lead  and  probably  barium ;  and  (3)  those  which  give  ozone 
only  when  heated  to  the  temperature  of  decomposition  in  presence 
of  oxygen  and  which  evolve  ozone  also  when  heated  with  potas- 
sium chlorate  to  a  temperature  considerably  below  the  decompo- 
sition-point of  this  salt,  such  as  cobalt  oxide,  manganese  dioxide 
and  nickel  sesquioxide.  The  author  notices  the  curious  fact  that 
the  admixture  of  a  small  quantity  of  sodium  carbonate  with  the 
chlorate  and  manganese  dioxide  entirely  prevents  the  production 
of  ozone,  the  sodium  being  left  in  the  residue  as  peroxide. — Ber, 
BerL  Chem,  Ges,^  xxvi,  1790,  July,  1893.  g.  f.  b. 

4.  On  the  Preparation  and  Properties  of  pure  Nitrogen, — 
The  preparation  of  pure  nitrogen  by  various  processes  has  been 
examined  by  Threlfall.  He  finds  that  the  method  depending 
on  the  absorption  of  the  oxygen  from  air  by  passing  it  over 
heated  copper  is  a  very  objectionable  one,  since  besides  the  me- 
chanical difficulties  of  connecting  the  various  tubes  to  one  another 
at  these  high  temperatures  and  of  preventing  their  permeability 
to  gases,  the  chemical  difficulties  are  also  serious.  The  prepara- 
tion of  the  pure  hydrogen  or  carbon  monoxide  for  the  reduction 
of  the  copper  oxide  is  one  of  the  greatest.  Removal  of  the  oxy- 
gen by  passing  air  over  heated  phosphorus  is  also  unsatisfactory. 
And  the  nitrogen  obtained  by  heating  ammonium  dichromate, 
even  when  this  salt  was  purified  with  the  greatest  care,  contained 
nitrous  compounds.  The  method  finally  adopted  was  the  absorp- 
tion of  the  oxygen  from  air  by  means  of  metallic  copper  and 
ammonia,  the  last  traces  of  oxygen  being  removed  by  chromous 
chloride,  prepared  by  Resoura's  method  and  evaporated  in  an 
atmosphere  of  carbon  dioxide  under  diminished  pressure.  All 
india-rubber  was  excluded  from  the  apparatus,  the  joints  were 
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hermetically  sealed,  the  tops  carefully  ground  and  sealed  with 
inercury.  The  substances  employed  were  themselves  carefully 
puri6ed.  The  nitrogen  thus  obtained  when  examined  in  a  tube 
furnished  with  external  electrodes,  gave  a  spectrum  tree  from  the 
lines  of  hydrogen  or  hydrocarbons.  The  observation  of  Thomson 
and  Threlfall  in  1887  that  nitrogen  suffers  a  diminution  of  vol- 
ume on  passing  the  electric  discharge  through  it,  the  author  con- 
firms. But  he  finds  that  this  elFect  is  not  due  to  a  molecular 
condensation  of  the  gas  as  originally  supposed;  but  is  owing  to 
the  production  of  a  compound  between  the  mercury  of  the  gauge 
and  the  nitrogen,  probably  a  nitride  of  mercury  analogous  to  the 
trimercuramine  of  Plantamour.  This  compound  appears  as  a 
brown  film  on  the  glass  when  the  discharge  passes  through  the 
nitrogen  over  mercury  at  about  8™™  pressure ;  nearly  the  whole 
of  the  nitrogen  being  eventually  converted  into  it.  It  decom- 
poses at  about  200*^  and  re-forms  on  cooling. — Phil,  Mag,y  V, 
XXXV,  1,  Jan.   1893.  G.  f.  b. 

6.  On  the  Preparation  of  Carbon  under  High  Pressure, — A 
series  of  experiments  has  been  made  by  Moissan  upon  the  influ- 
ence of  pressure  on  the  crystallization  of  carbon  at  high  tempera- 
tures. When  carbon  is  dissolved  in  iron  between  1100°  and 
3000°,  either  graphite  or  a  mixture  of  graphite  and  amorphous 
carbon  separates  at  the  ordinary  pressure  on  cooling.  If  how- 
ever, the  cooling  be  effected  under  a  high  pressure  the  phenomena 
are  quite  different.  To  produce  this  pressure  the  mass  of  iron  is 
heated  up  to  2000°  or  3000°  and  the  exterior  is  rapidly  cooled  by 
means  of  water;  this  exterior  is  thereby  solidified  and  the  still 
liquid  interior,  expanding  as  it  solidifies  produces  an  enormous 
pressure.  Or,  charcoal  made  from  sugar  is  compressed  in  a  soft 
iron  cylinder  closed  with  a  screw  plug,  and  the  cylinder  is 
plunged  into  a  crucible  containing  melted  iron.  The  crucible  is 
withdrawn  from  the  fire  and  placed  in  water  until  its  exterior  is 
at  a  dull  red,  after  which  it  is  cooled  in  the  air.  By  these 
processes  three  forms  of  carbon  are  obtained,  the  proportion  of 
each  depending  on  the  conditions  of  the  cooling  ;  which  are  (1) 
graphite,  (2)  thin  contorted,  maroon  colored  flakes,  and  (3)  dia- 
mond. The  diamond  is  obtained  as  grains  of  gray-black  car- 
bonado, of  sp.  gr.  3*0  to  3*o  and  as  transparent  fragments,  having 
a  waxy  luster  and  marked  with  strije.  Both  these  varieties  leave 
a  minute  ash  when  burned.  Silver  also  has  the  power  of  dissolv- 
ing carbon.  If  this  metal  be  heated  to  boiling  in  a  crucible 
brasqued  with  charcoal  and  then  rapidly  cooled  on  the  outside  by 
plunging  it  into  water,  carbonado  of  sp.  gr.  from  2*5  to  3*5  is  ob- 
tained in  small  plates. —  C  /^.,  cxvi,  218,  Feb.  1893.         g.  f.  b. 

6.  On  the  Properties  of  Dlattionds. — In  a  subsequent  paper 
Moissan  has  given  the  results  of  an  investigation  to  determine 
the  temperature  at  which  diamonds  begin  to  burn  in  oxygen, 
these  temperatures  being  measured  by  means  of  a  thermoelectric 
couple.  As  the  temperature  is  slowly  raised,  the  combustion 
takes  place  slowly  and  without  the  production  of  light,  the  only 
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evidence  of  it  being  the  effect  produced  by  the  issuing  gas  on 
solution  of  baryta.  At  about  40*^  to  60°  above  this  slow  com- 
bustion temperature,  the  burning  becomes  rapid  and  a  distinct 
flame  is  visible.  The  eight  different  specimens  examined  gave 
results  as  follows:  yellowish-brown  carbonado  burned  at  690' 
with  flame;  black  carbonado  at  7lO°-720°  with  flame;  trans- 
parent Brazilian  diamond  at  TOO^-VTO*  without  a  flame;  cut 
diamond  from  the  Cape,  at  YSO^-VOO®,  without  a  flame ;  Brazilian 
bort  at  790°  without  a  flame  and  at  840°  with  a  flame;  Cape  bort 
at  790°  without  a  flame  and  at  840'  with  a  flame;  very  hard  bort 
at  800°  without  and  at  875°  with  a  flame.  The  harder  the 
diamond  as  a  rule  the  higher  its  point  of  ignition.  Heated  in 
hydrogen  to  1200'  Cape  diamonds  do  not  lose  weight,  though 
they  may  lose  their  transparency  and  become  lighter  in  color. 
At  this  temperature  dry  chlorine  an(J  dry  hydrogen  fluoride  have 
no  action  on  them.  The  vapor  of  sulphur  attacks  them  only  at 
1000°;  but  with  carbonado,  carbon  disulphide  is  produced  at 
900°.  The  vapor  of  sodium  has  no  action  at  600°.  Iron  at  its 
fusing  point  attacks  the  diamond  readily  and  graphite  separates 
on  cooling.  When  heated  with  alkali  carbonates  at  a  high  tem- 
perature the  diamond  is  rapidly  dissolved  with  evolution  of  car- 
bon monoxide  but  no  hydrogen.  Hence  it  cannot  contain  hydro- 
carbons.—  C,  i?.,  cxvi,  460,  March,  1893.  G.  f.  b. 

7.  Oxygen  in  illuminating  Gas, — While  great  attention  is 
being  paid  to  the  problem  of  transmitting  energy  by  means  of 
electricity,  the  problems  of  accomplishing  the  same  results  by 
means  of  compressed  air  and  by  gas  are  not  being  overlooked.  In 
the  year  1890  Mr.  Edward  Tatham,  of  New  JSouth  Wales,  sug- 
gested the  addition  of  considerable  quantities  of  pure  oxygen  to 
warm  heavy  oil  gas  to  produce  a  higher  illuminating  power.  Dr. 
L.  T.  Thorne  later  in  the  same  year  gave  the  results  of  some  pre- 
liminary experiments  with  such  a  gas — which  were  extremely 
favorable.  Preparations  are  being  made  at  Huddersfield  to  pro- 
duce this  enriched  gas  on  a  large  scale.  It  has  been  found  that 
the  admixture  of  six  per  cent  oxy-oil  gas  increases  the  illuminat- 
ing power  of  the  corporation  gas  by  the  equivalent  of  five  and  a 
half  candles.  A  marked  increase  is  also  noticed  in  the  stability 
of  the  gas  under  storage.  The  increased  rost  of  production  due 
to  such  enrichment  will  not  exceed  a  third  of  a  penny  per  thou- 
sand cubic  feet.  — iVa^wre,  Oct.  19,  1893.  j.  t. 

8.  Refractive  indices  of  Liquid  Nitrogen  and  Air, — Professors 
LivEiNG  and  Dewar  have  determined  these  constants  by  the 
method  of  MM.  Terquem  and  Trannin.  This  consists  in  suspend- 
ing in  the  liquid  whose  index  is  to  be  determined,  two  plates  of 
glass  with  a  thin  layer  of  air  between  them  and  measuring  the 
angle  of  incidence  at  which  the  chosen  ray  suffers  total  reflexion 
at  the  surface  of  the  air.  Professor  Dewar  found  "  that  in  a  dou- 
ble glass  vessel  of  any  form,  where  the  outer  and  inner  vessels  are 
separated  by  even  narrow  vacuous  spaces,  liquid  oxygen  can  be  kept 
for  a  great  length  of  time  open  to  the  air.     Such  a  liquid,  filtered 
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through  ordinary  filter  paper  to  remove  solid  carbonic  acid,  re- 
mains quite  tranquil  and  beautifully  transparent  of  a  pale  blue 
tint."  Liquid  oxygen  gave  yw=r226.  Liquid  nitrogen  at  —190°  C. 
and  at  atmospheric  pressure  gave  for  the  D  line  )w=  1  "lObZ,  Liquid 
air  gave  for  the  D  ray  yw  =  1*2062.  When  certain  proportions  of 
nitrogen  had  evaporated  from  the  liquid  air  results  were  obtained 
as  follows:  yu=r2l6,  yw=l-218.— /-*Aj7.  Mag.,  October,  1893,  pp. 
328-331.  J.  T. 

9.  notation  air  Pump, — Sprengel's  pump  and  Geissler's  pump 
are  the  forms  of  pumps  which  are  used  for  obtaining  high  vacua. 
F.  ScHULZE  Bergb  has  invented  a  new  form  which  combines  the 
possibility  of  obtaining  a  high  vacuum  with  a  speed  which  com- 
pares with  that  of  a  mechanical  air  pump.  Vacua  have  been  ob* 
tained  by  this  pump  which  are  beyond  accurate  measurement  on 
McLeod's  gauge.  Several  forms  of  the  new  pump  are  given  by 
the  author. — Afw.  der  Phyalk  und  Chemie,  No.  10,  1893,  p.  368- 
376.  J.  T. 

10.  Waves  in  air, — A.  Raps  has  employed  Jamin's  interferential 
refractor  to  study  the  rarefaction  and  condensation  of  air  while 
transmitting  sound  waves.  One  ray  of  light  is  led  through  air  at 
rest  and  the  other  is  passed  through  the  air  which  is  in  movement. 
The  two  rays  give  interference  fringes.  These  are  received 
through  a  suitable  slit  on  a  revolving  cylinder  which  is  covered 
with  photographic  paper.  The  difference  in  the  air  paths  thus 
produce  vibrating  fringes.  A  spot  on  a  dark  fringe  and  a  spot  on 
a  bright  fringe  produce  wave-shaped  curves  which  represent 
the  movements  of  the  vibrating  air  column.  In  this  way  the 
author  studies  the  movement  of  air  in  organ  pipes  and  the  move- 
ment of  sound  waves  in  open  air.  A  large  number  of  photo- 
graphic plates  accompany  this  article. — Afin,  der  Physik  und 
Chemie,  No.  10,  1893,  pp.  194-220.  J.  t. 

11.  JStandards  of  loio  JSlectrical  Resistance. — At  the  late  meet- 
ing of  the  British  Association  at  Nottingham,  Principal  Jones  de- 
scribed a  method  of  determining  small  resistances  which  is  based 
upon  the  Lorenz  method  of  determining  this  ohm.  The  method 
consists  in  rapidly  rotating  a  copper  disc  whcse  center  is  on  and 
whose  rotating  axis  coincides  with  the  axis  of  a  coil.  The  same 
current  is  led  through  the  coil  and  the  resistance  to  be  measured. 
The  difference  of  potential  between  the  center  and  circumference 
of  the  rotating  disc  is  made  to  counterbalance  that  at  the  ends  of 
the  resistance  to  be  measured.  A  series  of  experiments  on  a  re- 
sistance of  Y^^  of  an  ohm  was  given  and  it  showed  that  the 
variation  from  the  mean  of  the  extreme  values  was  1  in  12,000. 

J.  T. 

12.  Equipotential  and  magnetic  force-lines, — E.  von  Lommkl 
returns  to  a  discussion  of  his  explanation  of  the  liall  effect.  He 
gives  several  plates  of  the  distribution  of  magnetic  filings  upon 
plates  of  various  forms  through  which  powerful  currents  are  led 
and  compares  these  figures  with  representations  ol  equipotential 
lines  and  magnetic  lines  on  similar  formed  plates  given  by  Quincke 
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(Pogg.  Ann.  xcviii,  p.  382,  1856).  He  concludes  that  the  Hall 
effect  is  due  to  the  shifting  of  the  equipotential  lines  or  surfaces 
due  to  the  electric  current  in  a  strong  ma&cnetic  field. — Aim.  der 
Physik  und  Chemie^  No.  10,  1893,  p.  316.  j.  t. 

13.  Hand'  und  Hilfshuch  zur  Ausfilshrung  Physiko'chem- 
ischer  Messungen,  von  W.  Ostwald,  1893,  Leipzig  ( W.  Engel- 
mann.) — In  this  handy  little  vplume  of  three  hundred  pages  Ost- 
wald has  condensed  the  results  of  his  extended  and  very  excep- 
tional experience  in  the  practical  details  of  the  conduction  of 
research  in  physical  chemistry.  The  chapters  treating  glass 
blowing,  weighing  and  the  determination  of  solubilities  and  of 
molecular  weights  contain  many  valuable  suggestions  about  these 
ordinary  manipulations  of  the  laboratory.  Those  on  the  deter- 
minations of  temperatures,  pressures,  densities,  surface  tensions, 
heat  quantities  and  critical  data,  together  with  those  on  optical 
and  electrical  measurements  have  very  especial  interest  for  the 
physical  chemist,  and  they  would  be  of  great  service  in  purely 
physical  work.  The  descriptions  and  explanations  are  all  admir- 
ably clear,  the  book  is  practically  arranged  and  well  printed,  and 
it  is  accompanied  by  various  separately  printed  tables  which 
materially  enhance  its  practical  value.  j.  £.  t. 

11.    Geology  and  Mineralogy. 

1.  The  origin  of  CrysUdline  jSchists. — In  an  address  before  the 
Geological  Section  of  the  British  Association,  Mr.  J.  J.  H.  Teall, 
combatted  strongly  the  common  idea  that  crystalline  schists 
belong  exclusively  to  the  earliest  periods  of  the  earth's  history. 
He  expressed  himself  as  follows  : 

"The  crystalline  schists  certainly  do  not  form  a  natural  group. 
Some  are  undoubtedly  plutonic  igneous  rocks  showing  original 
fiuxion ;  others  are  igneous  rocks  which  have  been  deformed  by 
earth-stresses  subsequent  to  consolidation  ;  others^  again,  are  sedi- 
mentary rocks  metamorphosed  by  dynamic  and  thermal  agencies, 
and  more  or  less  injected  with  '  molten  mineral  matter ' ;  and 
lastly,  some  cannot  be  classified  with  certainty  under  any  of  these 
beads.  So  much  being  granted,  it  is  obvious  that  we  must  deal 
with  this  petrographical  complex  by  separating  from  it  those 
rocks  about  the  origin  of  which  there  can  be  no  reasonable  doubt. 
Until  this  separation  has  been  effected,  it  is  quite  impossible  to 
discuss  with  profit  the  question  as  to  whether  any  portions  of  the 
primitive  crust  remain.  In  order  to  carry  out  this  work  it  is 
necessary  to  establish  some  criterion  by  which  the  rocks  of  igneous 
may  be  separated  from  those  of  sedimentary  origin.  Such  a  cri- 
terion may,  I  think,  be  found,  at  any  rate  in  many  cases,  by  com- 
bining chemical  with  field  evidence.  If  associated  rocks  possess 
the  composition  of  grits,  sandstones,  shales,  and  limestones,  and 
contain  also  traces  of  stratification,  it  seems  perfectly  justifiable 
to  conclude  that  they  must  have  been  originally  formed  by  pro- 
cesses of  denudation  and  deposition.     That  we  have  such  rocks  in 
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the  Alps  and  in  the  central  Hi<i;h]ands  of  Scotland,  to  mention 
only  two  localities,  will  be  admitted  by  all  who  are  tniniliar  with 
those  regions.  A«i;ain,  if  the  associate<l  rocks  possess  the  composi- 
tion of  igneous  products,  it  seems  equally  reasonable  to  conclude 
that  they  are  of  igneous  origin.  Such  a  series  we  find  in  the 
northwest  of  Scotland,  in  the  Malvern  Hills,  and  at  the  Lizard. 
In  applying  the  test  of  chemical  composition,  it  is  very  necessary 
to  remember  that  it  must  be  based  not  on  a  comparison  of  indi- 
vidual specimens,  but  of  groups  of  specimens.  A  granite  and  an 
arkose,  a  granitic  gneiss  and  a  gneiss  formed  by  the  metamorphosis 
of  a  grit,  may  agree  in  chemical  and  even  in  mineralogical  composi- 
tion. The  chemical  test  would  therefore  utterly  fail  if  employed 
for  the  purpose  of  discriminating  between  these  rocks.  But  when 
we  introduce  the  principle  of  paragenesis  it  enables  us  in  many  . 
cases  to  distinguish  between  them.  The  granitic  gneiss  will  be 
associated  with  rocks  having  the  composition  of  diorites,  gabbros, 
and  peridotites ;  the  sedimentary  gneiss  with  rocks  answering  to 
sandstones,  shales,  and  limestones.  Apply  this  test  to  the  gneisses 
of  Scotland,  and  I  believe  it  will  be  found  in  many  cases  to 
furnish  a  solution  of  the  problem." 

"...  The  origin  of  gneisses  and  schisls,  in  my  opinion,  is  to 
be  sought  for  in  a  combination  of  the  thermal  and  dynamic  Jigen- 
cies  which  may  be  reasoiiablv  supposed  to  operate  in  the  deeper 
zones  of  the  earth's  crust.  If  this  view  be  correct,  it  is  not  im- 
probaV)le  that  we  may  have  crystalline  schists  and  gneisses  of 
post-Silurian  age  in  the  northwest  of  Europe  formed  during  the 
Caledonian  folding,  others  in  central  Europe  of  post-Devonian 
age  due  to  the  llercynian  folding,  and  yet  others  in  southern 
Europe  of  post-Cretaceous  age  i)roduced  in  connection  with  the 
Alpine  folding.  But  if  the  existence  of  such  schists  should  ulti- 
mately be  established,  it  will  still  probably  remain  true  that  rocks 
of  this  character  are  in  most  oases  of  pre-Cambrian  age.  May 
not  this  be  d^ie  to  the  fact,  suggested  by  a  consideration  of  the 
biological  evidence,  that  the  time  covered  by  our  fossiliferous 
records  is  but  a  small  fraction  of  that  during  which  the  ])resent 
physical  conditions  have  remained  practically  constant  ?'* — Nat, 
(Science^  Oct.  1893. 

2.  Ore  Deposits  of  the  United  States;  by  Prof.  J.  F.  Kemp. 
8vo,  pp.  302.  New  York,  1893  (The  Scientific  Pub.  Co.).— The 
author  after  several  preliminary  chapters  treating  on  classifica- 
tion, the  mode  and  occurrence  of  ores  as  deposits  and  in  mineral 
veins,  then  proceeds  to  the  main  body  of  the  work.  This  takes 
up  each  of  the  metals  in  turn  and  describes  concisely  one  occur- 
rence typical  of  the  method  of  classification.  The  similar  occur- 
rences in  other  localities  are  mentioned  and  a  full  list  of  the 
literature  is  given.  Thus  all  the  various  methods  of  occurrence 
of  each  metal  and  its  ores  are  shown.  The  volume  is  c()|)iously 
illustrated  with  cuts  and  diagrams.  The  author  has  collected 
within  brief  compass  a  vast  amount  of  useful  information  while 
the  very  full  bibliography  greatly  enhances  its  value.    The  appear- 
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ance  of  this  work  is  opportune  and  it  will  be  of  great  service  to 
students  in  metallurgy,  miners  and  in  i^eneral  to  the  public  inter- 
ested in  mines  and  mining.  No  book  of  similar  scope  has  ap- 
peared in  this  country  since  that  of  J.  D.  Whitney  in  1855. 

L.  V.  p. 

3.  Sack-  unci  Oris-  Verzeichniss  zu  deii  Miner alogischen  nnd 
Qeologischen  Arheite)i  von  Gerhard  vom  Rath,  Im  Auftrage 
der  Frau  vom  Rath  bearbeitet  von  W.  Bruhns  und  K.  Busz. 
197  pp.  Leipzig,  1893  (W.  Engelmann). — The  scientific  career  of 
Professor  G.  vom  Rath  was  remarkable  alike  for  the  amount  of 
mineralogical  work  which  he  accomplished  as  for  the  minute  care 
and  accuracy  displayed  through  it  all.  His  skill  in  solving  the 
most  intricate  problems  in  cry8tallogra]»hy  and  in  presenting  the 
results  to  the  eye  will  always  be  a  matter  of  admiration  to  those 
who  study  his  papers.  To  all  concerned  with  mineralogical  litera- 
ture the  j)resent  complete  index  to  his  many  papers  will  be  most 
useful,  forming  as  they  do  a  very  important  part  in  the  history 
of  the  science. 

4.  Mineralogisches  Lexicon  filr  das  JKaiserthuni  Oesterreich  von 
Y.  vonZepharovich,  III  Band,  enthaltend  die  Nachtra<re  aus  den 
Jahren  ltt74-189l  und  die  General  Register.  Nach  des  Autors 
hinterlassenem  Manuscripte  bearbeitet  von  F.  Bkckb.  478  pp. 
Vienna,  1893  (F.  Tempsky). — This  volume  is  published  by  the 
Vienna  Academy  at  the  cost  of  the  Zepharovich  fund.  It  forms 
the  conclusion  to  the  author's  well  known  work  upon  the  Miner- 
alogy of  Austria  and  is  edited  from  the  manuscript  left  by  him. 
An  alphabetical  list  of  localities  referring  to  the  three  volumes 
occupies  the  last  two  hundred  pages. 

5.  Handbuch  der  Mineraiogie  von  Dr.  C.  Hintze.  Siebente 
Lieferung.  pp.  961-1120.  Leipzig  (Veit  and  Co.). — The  seventh 
part  of  this  exhaustive  work,  recently  issued,  is  devoted  to  the 
orthorhombic  and  monoclinic  members  of  the  Pyroxene  group. 

6.  On  the  meteorite  from  Hamblen  Co.,  Tennessee;  by  L.  G. 
Eakinb  (communicated). — In  a  paper  upon  the  Hamblen  Co.  me- 
teorite in  this  Journal  for  October,  1893,  there  occur  some  errors 
in  figuring  the  formulas  of  the  siliceous  portions,  to  which  Prof. 
S.  L.  Penfield  has  very  kindly  called  my  attention.  This  part 
of  the  paper  was  hastily  written  several  months  after  the  ana- 
lytical work  was  done,  and  to  this  haste,  caused  l)y  pressure  of 
entirely  different  matters,  these  errors  are  due.  As  Prof.  Penfield 
suggests,  the  soluble  portion  of  ihe  silicates,  giving  the  ratios : 
RO  :  Al^O, :  SiO,  =  -506  :  -222  :  '760,  can,  by  assuming  the  Fi-0 
and  MgO  to  exist  as  olivine,  be  divided,  approximately  into 
olivine  and  a  calcium-aluminum  silicate  like  anorthite,  both  of 
which  are  soluble  in  hyrlrochloric  aci<l.  The  insoluble  portion 
reduces  to,  RO  :  Al.Og  :  SiO,  =  -670:  -146  :  -844,  which  probably 
represents  a  mixture  oi  pyroxene  and  enstatitc ;  one  or  both  be- 
ing aluminous. 
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III.  Miscellaneous  Scientific  Intelligence. 

1.  Letters  of  Asa  Gray^  edited  by  Jank  Lorinq  (tRAY. 
2  vol8.,  8vo.  Boston  and  New  York.  i893.  (Houghton,  MifHin 
and  Company). — This  collection  of  letters  illustrates  Dr.  Gray's 
Bcientific  career,  and  much  of  his  home-life,  from  Iiis  first  acquaint- 
ance with  Dr.  Torrey,  about  1831,  down  to  November  27,  1887, 
the  last  active  day  of  his  life.  In  respect  to  liome-life,  and  among 
his  friends,  they  reveal  the  genial,  kind,  sympathetic,  christian 
gentleman,  and  in  respect  to  his  favorite  science  they  show  a  con- 
stantly widening  view,  from  the  time  when  he  began  to  notice 
the  more  interesting  plants  of  Oneida  county,  onward  through  his 
study  of  the  flora  of  North  America  «ind  his  contributit)ns  to 
general  botany,  through  his  broader  studies  of  the  relaiions  of 
botany  to  other  sciences,  until,  his  interest  undiminished,  and  his 
judgment  cl<?ar,  he  suddenly  rested  from  his  labors.  Many  of  the 
letters  written  from  1860  for  the  next  score  of  years  are 
to  Mr.  Darwin,  or  relate  in  some  way  to  the  investigations  which 
Mr.  Darwin  was  making,  or  the  theories  he  was  advancing,  and 
would  furnish  good  material  for  "  The  evolution  of  Darwinism," 
were  such  a  chapter  to  be  written.  Other  letters  contain  a  his- 
tory of  the  **  Flora  of  North  America,"  almost  from  its  beginning 
in  1838,  through  the  period  when  new  plants  were  pouring  in 
from  the  Rocky  Mountain  region  and  the  Pacific  States  faster 
than  they  could  be  classified,  down  to  the  days,  when  having  com- 
pleted the  "  Gamopetalete  "  of  the  '*  Synoptical  Flora,"  the  aged 
botanist  was  revising  the  earlier  orders,  although  with  the  con- 
fession that  "  I  begin  to  doubt  if  I  shall  hold  out  to  accomplish 
much  more."  The  last  letter  of  all  contains  his  final  dictum  on 
nomenclature  and  the  warning  that  **  this  business  of  determining 
rightful  names  is  not  so  simple  and  mechanical  as  to  younger 
botanists  it  seems  to  be,  but  is  very  full  of  pitfalls."  The  editing 
of  these  Letters  has  been  done  most  carefully  and  judiciously  ;  and 
those  who  knew  the  kind  and  many-sided  naturalist  will  only 
wish  that  more  of  them  had  been  printed.  i).  c.  e. 

2.  National  Academy  of  /Sciences, — The  following  is  a  list 
of  papers  presented  at  the  meeting  of  the  National  Academy, 
held  in  Albany,  Nov.  7-9 : 

Samuel  H.  Scudder:  American  Pal.Tozoic  cockroaches. 

Seth  C.  Chandler:  Additional  researclies  on  the  motion  of  the  Earth's  pole. 

C.  A.  White:   Biographical  memoir  of  A.  H.  Worthen. 

C.  B.  CoMSTOCK:   Blojrraphical  memoir  of  W.  P.  Trowbridge. 

James  Hall:  The  geological  map  of  the  State  of  !Ne\v  York.  The  Palaeon- 
tology of  the  iState  of  New  York :  the  present  condition  of  the  work. 

George  L.  Goodale:  Certain  Histological  relations  between  the  subalpine 
Plants  of  the  White  Hills  and  of  the  Labrador  coast. 

Charles  S.  Hastings:  On  a  new  form  of  telescopic  objective,  as  applied  to 
the  twelve-inch  equatorial  of  the  Dudley  Observatory. 

Charles  K.  Bkecher  :  On  the  structure  and  development  of  Trilobites. 

Asaph  Hall:  Double  stars 

Charles  L.  Doolittle:  Latitude  determinations  at  the  Sayre  Observatory. 

Joseph  A.  Lintnkr:  Insect  voices. 
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Charlfs  H.  Peck:  Edible  and  poisonous  Fungi. 
Edward  S.  Morsk:  A  new  process  of  printing  in  color. 
J.  McKeex  Cattell  and  Charles  S.  Dolley:  On  Reaction — times  and  the 
velocity  of  the  nervous  impulse. 

3.  Annalen  der  Physik  imd  Chemie,  published  in  Leipzig  since 
1790  by  Johann  Ambrosius  Barth  (now  Arthur  Meiner). — This 
long  honored  periodical  has  now  completed  more  than  a  century. 
It  was  begun  by  Gren  in  1790,  continued  till  1824  by  Gilbert, 
again  till  1877  by  Poggendorff  and  is  now  edited  by  Prof.  G. 
Wiedemann.  The  first  number  of  the  50th  volume  is  devoted  to 
the  present  editor,  a  biographical  sketch  of  whom  is  given  by 
Prof.  Helmholtz  ;  an  excellent  portrait  forms  the  frontispiece. 

Die  Photographie :  oder  die  Anfestigung  von  bildlichen  Darstellungen  auf 
kunstlichen  Wege.  Lehr- u.  Handbuch  von  praktischen  undtheoretischer  Seite; 
bearbeitet  und  herausgegeben  von  Julius  Kriiger:  zweite  Auflage,  ganzlich  neu 
bearbeitet  von  Ph.  C.  J.  Husnik,  494,  l2mo.    Wien,  Pest,  Leipzig  (A.  Hartleben). 

Obituary. 

Arcangelo  Scaccht,  the  veteran  minera1o£;ist  of  Naples, 
whose  long  continued  labors  on  the  mineralogy  and  geology  ol 
Monte  Somma  and  Vesuvius,  have  given  such  rich  results  to 
science,  died  on  the  11th  of  October. 

Hermann  August  Hagen,  the  well  known  entomologist,  and 
since  1870,  Professor  of  Entomology  at  Harvard  University,  died 
on  the  10th  of  November.  He  was  born  at  Konigsberg,  Prussia, 
in  1817  and  his  scientific  work  for  many  years  was  done  there. 
In  1867,  at  the  invitation  of  Professor  Agassiz,  he  came  to  this 
country  to  take  a  position  in  connection  with  the  Cambridge 
Museum  of  Comparative  Zoology.  Among  his  many  impoitant 
contributions  to  science,  the  most  extended  is  his  Bibliotheca 
Entomologica,  published  in  1802. 

Dr.  Geokgk  W.  Coakley,  emeritus  professor  of  mathematics 
and  astronomy  in  the  University  of  the  City  of  New  York,  died 
at  his  home  in  Brooklyn  on  the  2d  of  August,  in  the  seventy- 
ninth  year  of  his  age.  He  came  to  this  country  from  the  West 
Indies  during  his  boyhood,  and  was  graduated  with  honor  from 
Rutgers  College  in  New  Jersey.  After  some  years  of  work  as  a 
teacher  of  mathematics,  first  in  New  York  State  and  afterward 
in  Maryland,  he  was  called  to  New  York  City  about  1860,  to 
assume  the  chair  made  vacant  by  the  withdrawal  of  Professor 
Elias  Loomis,  who  had  just  changed  his  residence  from  New 
York  to  New  Haven.  Professor  Coakley  continued  bis  work 
here  for  thiriy  years.  As  a  teacher  he  was  indefatigable,  patient, 
and  skillful.  In  personal  disposition  he  was  too  modest  and 
retiring  to  secure  lor  himself  all  the  recognition  that  was  due  him. 
During  the  latter  years  of  his  life  he  published  a  number  of  papers 
on  astronomical  subjects,  and  his  last  work  was  a  text-book  on 
Calculus,  which  has  not  yet  been  published.  During  a  protracted 
illness  his  interest  in  astronomical  progress  never  flagged,  and  his 
clearest  and  best  writing  was  done  after  disease  had  unfitted  him 
for  active  work.  w.  Lee.  s. 
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•  This   Index   coDtains   tho    freneral   heads  Botany.    Chemistry,    Geoloqy,   Mixerals, 
Obitcaby,  Rocks,  and  under  each  the  titles  of  Articles  referriDjf  thereto  are  mentioned. 
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